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IMPLICATIONS OF APPLICATION OF SOIL CONSERVANCY 
AND ENVIRONMENTAL REGULATIONS IN IOWA 
WITHIN A NATIONAL FRAMEWORK 
I. INTRODUCTION 
Environmental quality has recently become a major concern of many 
Americans. Agriculture is a major industry causing considerable pollution 
and does so especially through runoff. The runoff carries with it phos-
phates, nitrates, pesticides, and other materials which become toxic in 
concentrated quantities. Agriculture also is a source of pollution 
through animal wastes and by-products of food processing. Through sedi-
mentation from agricultural lands and leaching, residual chemicals are 
carried to the nation's major streams, rivers, and underground water 
bodies. 
But, the agricultural sector also has precedent for dealing with 
problems in natural resource use. Agricultural history is engrained with 
a variety of environmental and resource conservation programs which have 
been enacted in the past. Recently, not only the federal government but 
also numerous states have developed various legal recipes for regulating 
land and chemical use. These legislative actions sometimes relate to 
agricultural pollution generally, but more often concentrate on protecting 
the land or on environmental control through limits on soil loss, runoff, 
and sedimentation. There are two bills before the Congress that would 
establish federal control on land use. However, numerous states, including 
1 
2 
Colorado, Hawaii, Iowa, Maine, Massachusetts, New York, and Vermont, 
have passed land use laws of various types (13). 
The Iowa Law and Its Effects 
Intensity of public concern over soil loss and land use became 
activated in Iowa in 1971 when the state legislature legally established 
conservancy districts within which soil loss 1 imits are given for all 
soil types (17). The legislation established six soil conservancy dis-
tricts in Iowa as shown in Figure 1. The law also established maximum 
soil loss limits on agricultural and horticultural lands at one to five 
tons per acre per year, depending on the soil type. The law provides a 
cost sharing alternative for agricultural and horticultural lands. The 
cost sharing provisions made by the law are: (1) 7 5 percent of the cost 
of installing any permanent soil and water conservation practice and (2) 
an amount set annually by the state soil conservation committee for any 
temporary soil and water conservation practice. If the owner fails to 
initiate necessary conservation work by a specified time, a court order 
can be issued. Unless the owner complies with the court order, he may 
be found in contempt of court and so punished. One drawback of the present 
Iowa law is that it does not limit the use of fertilizers and pesticides. 
Such isolated legislation or controls on allowable soil loss and use 
of other inputs in any one particular state or region could cause undesirable 
effects on the well-being of people of that particular state or region. 
These isolated measures, no doubt, improve the environmental quality of 
the location or state and reduce water pollution. These measures also 
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4 
control the use of harmful chemical inputs, thereby reducing the quantity 
of toxic substances transported into the streams. But, such measures 
can make it less profitable to use the land and other inputs in the par-
ticular state or region, as compared to the rest of the country. This 
profit reduction, in turn, might diminish the value of land and decrease 
the net worth of the state or local farming sector. In contrast, if the 
state or area in which the controls are imposed is large enough and pro-
duction and prices are altered sufficiently, other states may gain from 
this action. In other words, if very severe restrictions were placed on 
land use in one state, the value of farm output could be restrained so 
greatly that net farm income and farm assets are decreased in the state. 
However, with an inelastic demand for farm output, the resulting higher 
prices would increase the revenue of farmers in other states who do not 
have to follow strict land use restraints and reduce output. In cases 
such as this, the environment is improved, but farmers in one state or 
region pay a cost, while producers in other regions or states gain in this 
pattern of land use and environmental improvement. 
Such environmental controls in a state such as Iowa could affect 
other regions in the country. Iowa produces about 20 percent of the nation's 
corn. About 40 percent of the state's corn is exported. Environmental 
controls on the agricultural sector in Iowa thus affect crop production 
and subsequently exports. Regions which import these agricultural com-
modities from Iowa also will be affected. The latter regions may be forced 
to import from still other regions, perhaps to meet the demand requirements, 
5 
at a higher cost. The prices in-these last regions will increase, as will 
farm incomes. At the same time, the consumers are forced to pay higher 
prices and a greater proportion of their income for food. Increased prices 
of agricultural commodities increase the marginal value product of various 
inputs, especially that of land. The farmers in regions where output is 
not restricted by land use or conservancy laws then can realize increases 
in the value of their land and net worth--at the expense of farmers (e.g., 
Iowa) where strict land use laws might be enacted and implemented indepen-
dently of the national policy. 
Objectives 
Only a few states, including Iowa, have enacted legislation which 
imposes specific limits and practices on land use and sedimentation. Even 
in those states where legislation exists, the extent of implementation 
has not yet been great. However, the question exists of how the costs 
and benefits of these practices and land use limitations will be distri-
buted if they are widely implemented. For example, if the Iowa conservancy 
laws were applied fully and uniformly over Iowa, would they reduce pro-
duction so much that net farm incomes in Iowa would be reduced? Would the 
reduction in Iowa output increase prices sufficiently to raise the net 
income of farmers in other states who need not comply with a set of state 
or federal land use restrictions? Even in the state of Iowa, would the 
main cost fall on farmers in areas where erosion and runoff are serious 
but bring gains to operators in areas of well-situated land not endangered 
with runoff and sedimentation? 
6 
The major objective of this study is to answer questions of the type 
just posed. A basic model is designed and applied which measures the 
change in agriculture, changes in farm prices and income, consumer food 
costs, and other relevant items as limits on soil loss at different levels 
are imposed in Iowa but not elsewhere in the nation. A specific objective 
is to measure differences in outcome in Iowa and the remainder of the nation 
and to determine who gains from specific state land use and conservancy 
legislations aimed at protecting our natural resources and environment. 
These measurements and objectives are implemented under different levels 
of exports, markets, soil loss limits, and fertilizer and pesticide use. 
This study is made to measure the effects of any isolated legislation 
on the agricultural sector in Iowa aimed at controlling pollution caused 
by soil erosion, sedimentation, and the use of harmful chemical inputs. 
It determines the effects of any such legislation on the income of the 
farming sector, production patterns, supply and prices of agricultural 
commodities, and other economic factors, such as the prices of land and 
other resources in Iowa and the rest of the country. The impacts of in-
creased export demands for agricultural products on the country and Iowa 
in light of any such legislation to regulate the use of land and chemicals 
in Iowa are also determined in this study. 
An objective of the study also includes developing a basic model 
capable of carrying out such an analysis. Such a model must take into 
account all the major and relevant commodities, resources, and regions and 
their interrelationships in the agriculture sector. Land, water, and other 
-----------------------------
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resources must be defined to exhibit the characteristics inherent in the 
interrelationships. In this study, these interrelationships center 
around the concepts ot soil loss and productivity differences of alter-
native combinations of resources and different export levels. Alternate 
technologies are also defined appropriately. 
Agriculture and Environment 
Pollution from agriculture is related to the process of economic 
development. Economic development is usually accompanied by more inten-
sive methods of crop production. Chemical fertilizers, because they are 
relatively cheaper, replace rotations and animal wastes as sources of 
fertilizer. Also, mechanized power replaces livestock power as a source 
of energy. Improved breeds of livestock increase the trend towards large 
specialized livestock units which are more efficient in producing a spe-
cific output and require less grass and hay. Hence, row crops are grown 
more intensively, reducing acreage under grass, hay and small grain. 
This in turn causes soil and water loss. Sedimentation results from water 
runoff and erosion of soil particles, especially from cultivated lands. 
Sediment also serves as a transport mechanism for the chemical particles 
that are fixed to the soil particles in the form of phosphates and other 
plant nutrients. 
The soil has two roles. As a resource in place, it is the basis for 
the production of food and fiber. As a resource out of place, eroded soil 
in streams is the undesirable or polluting aspect of soil. It has been 
estimated that soil erosion in the United States is about four billion 
8 
tons per year, three-fourths of which is from agricultural and forest lands. 
Most of the soil is lost through water erosion. Eroded soils are eventu-
ally deposited. This deposition reduces the storage capacity of lakes 
and ponds, reducing and eventually negating any beneficial use by man. 
Erosion also interferes with the utilization of other resources in what 
would be considered their normal pattern. Many plant nutrients and pesti-
cides are adsorbed to soil particles and are transported with the soil in 
streams. These chemicals are then pollutants. 
The degree to which sedimentation occurs depends on the sediment 
carrying capacity of the stream. If all erosion is controlled, stream 
underload would occur depending on the energy balance of the stream. Then 
stream bank erosion and stream degradation would start until a new equili-
brium is reached. In short, streams have a natural carrying capacity and 
this must be taken into consider.ation in controlling gross soil loss. 
The majority of sediment in water originates from sheet and rill 
erosion of croplands. A number of practices are available for erosion 
control. These could be categorized as cropping and tillage practices, 
land treatment practices, and structures. The first group, for exampl.e, 
includes alternative crop rotations, tillage practices and residue manage-
ment systems. The second group includes strip cropping, terracing and 
contouring. The third group includes gully control structures, drainage 
facilities, grassed waterways, sediment basins and channel stabilization. 
Nitrogen poses a different problem. Nitrogen for crops can be obtained 
from a number of sources such as chemical fertilizers, legume mineralization, 
9 
barnyard manure, plant residues and nitrates dissolved in rain drops. 
Nitrogen is removed from soil by crops, erosion, leaching, and denitri-
fication. Actual importance of the above mentioned sources is difficult, 
if not impossible to measure. Nitrogen, in some forms is transported 
from cropland with sediment. Nitrogen, as nitrate, is a major problem 
in streams and lakes. It causes methemoglobinemia (blue babies) at high 
concentrations. It contributes to eutrophication. Nitrates are soluble 
and are not adsorbed to soil particles. Nitrates move with water, not 
sediment. Further, nitrates in streams, rivers, and lakes are contributed 
by additional sources such as feedlots. Practices that reduce soil erosion 
may not reduce nitrate concentration in runoff water. Some have proposed 
limiting nitrogen fertilizer to reduce nitrates in water. 
Legislation aimed at control of soil loss and use of chemicals must 
take into consideration any interregional tradeoffs in resource use and 
income generation as the production patterns alter between regions. The 
interregional shifts can represent tradeoffs as the regional comparative 
advantages change because of the environmental restrictions imposed. Also, 
there will be shifts in land use as the susceptibilities to erosion and 
the cost of controlling soil loss among soil types vary. 
The Study 
This study is one in a sequence conducted by the Center for Agricultural 
and Rural Development relating to agricultural policy, income, and resource 
use. This study attempts to answer questions relating to two types of 
pollutants from agriculture, and the impacts on the farming sector through 
10 
legislation regulating the use of agricultural inputs is also analyzed. 
The analysis focuses only on soil loss and sedimentation and pollution 
of water by toxic chemcials through the use of nitrogen and pesticides. 
Soil erosion has many eroding agents and takes many forms, such as gully, 
sheet, channel, etc. Soil erosion caused by water and raindrop agents 
is considered in this study. Further, the analysis is restricted to sheet 
and rill erosion from the cultivated lands of the nation. 
Specific emphasis is placed on the use of nitrogen and pesticides. 
As noted earlier, the use of fertilizers and pesticides makes important 
contributions to food and fiber production. This study looks at the effects 
of possibl(' control and regulation of the use of these inputs on the pro-
duction of food and fiber. Provision is made for obtaining part of the 
required nitrogen from sources other than chemical fertilizers. 
Assumptions of the stu~ 
Evaluation of large impact alternatives within the limitations of a 
mathematical model requires that a sufficient time horizon be specified 
to allow for the implied adjustments to materialize. In this analysis, 
1985 was selected as the year of projection. Alternatives defined in this 
study are designed to be consistent with projected and expected production 
alternatives available in 1985. A total of nine models is used in this 
study. Each of the nine models is a modification of the basic model in-
corporating various assumptions made for each model. A base model simu-
lating a free market without any environmental restrictions is used to 
compare the effects of alternate policies on environmental protection in 
11 
Iowa. Technology is assumed to change in line with historic trends, 
allowing for changes in livestock feeds, yields, and input use. The 
international trade sector allows for increased export levels. A popula-
tion level of 242 million persons in the continental United States is 
used for 1985. The per capita income level projected by the Bureau of 
Economic Analysis (39) is used in evaluating domestic demand. Three 
models analyze the impacts of soil loss restrictions alone in Iowa. Two 
more models analyze restrictions on soil loss, along with restrictions 
on the use of chemical inputs in Iowa. Four models are used to measure 
the impacts of higher export levels in the nation, along with restrictions 
on allowable soil loss and use of nitrogen fertilizers and pesticides in 
Iowa. A summary of the models evaluated is given in Table 1. 
The solutions analyzed represent a finite set of the many alternatives 
which could be considered. These different models, however, allow for the 
evaluation of different policy measures, restraining the use of land and 
chemical inputs in Iowa and their effects on the state and the rest of the 
country. It is hoped that these models will provide an insight into the 
changes in cropping patterns, farm incomes, value of resources and their 
use, and the cost to the consumer as the state land use or conservancy 
laws are applied at different levels. Also, it is hoped that the study 
can indicate whether land use legislation on a state-by·-state or a federal 
basis is preferable. 
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Table 1. Level of soil loss, use of nitrogen and pesticides, and 
export levels for alternate models. 
Soil Loss Nitrogen Pesticide 
per Acre Use per Acre Use Export 
Model Allowed a Allowed a Allowed a Levelsb 
A Unlimited Unlimited Unlimited Normalc 
Bl 5.0 Tons Unlimited Unlimited Normalc 
B2 2.5 Tons Unlimited Unlimited Normalc 
c 5.0 Tons Unlimited Unlimited Highd 
D 5.0 Tons 100 Pounds Unlimited Normalc 
E 5.0 Tons 100 Pounds Restricted Normalc 
F 5.0 Tons 100 Pounds Restricted Hi.ghd 
Gl Unlimited Unlimited Unlimited Medium e 
G2 5.0 Tons 100 Pounds Restricted Medium e 
aRestrictions imposed only in Iowa. 
bExports are ad:iusted only for feed grains, wheat, and soybeuns 
at the national level. 
c Normal exports are defined at 1969-72 average level. 
dlligh exports are defined such that the entire land base of the 
United States is effectively utilized. 
eMedium exports are defined at twice the 1973 exports. 
II. THE BASIC MODEL 
The quantitative analysis has been conducted by means of a mathe-
matical model. It is one of the series being developed under the ISU-RANN 
(Iowa State University--Research Applied to National Needs) series applied 
to environmental quality, natural resources, and national food and farm 
policy. The basic model used is capable of allowing enterprise and re-
gional adjustments consistent with the proposed environmental restrictions. 
Interregional shifts in product ion pattern.s occur in accord<1nce with 
regional comparative advantages, such as those experienced in the past by 
the broiler industry moving to the South and beef feeding from the Corn 
Belt where sovbeans <1ncl sorghum grain have been introduc~ed (37, 'l8). 
The basis for any intL~rrcg ional model is the dc·f ini t ion elf a sc·t or 
a number of sets of rc•gions consistent wich the n·s<HJr<·c•s, pn>ducliOJl 
possibilities, and the form of interregion;Jl interaction desired. The· 
basic modp] developed fpr the prc·sent analvsis uses four diff<.•rent n·gion;ll 
d•.•l inL'ilt ions and itll·orporilt('S r·estrairus on resourcps \vi th the p<ls;,ihi I it v 
of t·c"source transfers, t<> some· c•xtent, irom one region to another. ltw 
major resource restraints imp,1sed in this mudel arc· availabil ltv u[ ,·ron· 
land by quality class, watvr, and nitrogen. It also inn>rpurates rl'straints 
on regional demand for crop and livestock cnmmoclities, along \vi.th c·nviron .. 
mental restrictions in [owa. 
The activities are defined on n regional basis tu simulate crop 
production, fertilizer and water purchase, df'mand generation through pop·· 
ulation, industry and international tr<Jclc· <Jctivities, and to provide 
l 3 
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transfer of some resources and commodities among regions to meet the 
demand. The model is solved such that the overall cost of the agricul-
tural bill (cost of producing and transporting farm commodities) is 
minimized, satisfying the resource and demand restrictions. 
The Regions Used 
Four separate sets of regions are defined in this model. The first 
set represents the producing areas within which the production activities 
are defined; the second set determines the water availability and transfer 
possibilities; the third set of regions incorporates the areas within 
which the markets are defined; and the fourth set represents the regions 
into which some of the results are aggregated for reporting. 
Producing ar~as 
There are 102 producing areas defined for the nation in this model. 
The first 90 areas are based on the county approximations of the 206 sub-
areas, shown in Figure 2, defined by the Water Resources Council (40), 
modified to be consistent with the water supply regions and the consuming 
regions, as shown in Figure 3. Twelve more producing areas are defined 
in Iowa, as shown in Figure 4, consistent with the soil conservancy dis-
tricts (17) for which the analysis is made. These 12 producing areas are 
an aggregation of contiguous counties within a specific soil conservancy 
district as defined by Iowa law. The producing areas represent the regions 
within which crop production activities along with restraints on land 
by quality class, are defined. 
18
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Water supply regions 
Each water supply region is defined such that it approximates a 
physical region within which a water supply can be said to exist. A 
total of 35 water supply regions is defined, as shown in Figure 5. These 
regions are aggregations of contiguous producing areas. The subdivision 
of the 18 major river basins of the Water Resources Council form the 
basis of these regions (40). The activities creating the demand for and 
supply of water, along with buying and transportation activities, are 
defined within these regions. 
Consuming regions 
Twenty-nine consuming regions are defined in the model as shown in 
Figure 6. Based on the central place theory, these regions are delineated 
around the major metropolitan areas of the United States. Each consuming 
region is an aggregation of contiguous producing areas. It is within 
these regions that the market balance restraints are defined for the com-
modities analyzed. 
Activities and Resource Restraint Coefficients 
Activities, in a linear programming context, are variables which 
represent the possibility of production, transformation, transportation, 
and consumption of agricultural resources and intermediate and final 
products under different technologies and in different locations. In 
simple terms, activities create supply and demand possibilities that are 
balanced to achieve equilibrium. The endogenous crop products included 
in this model are barley, corn, cotton, legume hay, nonlegume hay, oats, 
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silage, sorghum, soybeans, sugar beets, and wheat. The endogenous live-
stock products included in the model are feeders, fed beef, milk products, 
nonfed beef, and pork. Other crops and livestock products are involved 
in the model but on an exogenous basis. 
The population and industry activities 
These activities generate the demand for agricultural products from 
the consumer and manufacturing sectors. One activity is defined for each 
of the producing areas such that the lower limit of that activity is set 
at the level consistent with the Bureau of Economic Analysis' population 
projections for that area in 1985 (39). These activities are then grouped 
appropriately to develop the demand in the consuming regions. Per capita 
commodity demands are developed at the national level as shown in Table 2. 
Water requirements for municipal, industrial, and recreational uses 
are developed by the population-industry activities at the producing area 
level. Combination of appropriate subsets of the population-industry 
activities yields the water requirements in each water supply region. 
The crop production sector 
The crop production activities simulate the possibility of producing 
different crops in the model. These activities are defined as different 
crop rotations in each producing area for each land class. These also 
represent different tillage and conservation practices, both for irrigated 
and dryland cropping methods. These activities produce barley, corn, 
cotton, legume hay in rotation, and oats, sorghum, sorghum silage, wheat, 
Ta
bl
e 
2.
 
Pr
oj
ec
ted
 p
er
 c
a
pi
ta
 c
o
m
m
o
di
ty
 d
em
an
d 
in
 1
98
5.
 
Co
ns
um
pt
io
n 
a
t 
Co
ns
um
pt
Lm
 a
t 
Co
m
m
od
ity
 
U
ni
t 
Lo
w 
Pr
ic
es
 
H
ig
h 
Pr
ic
es
 
Co
rn
 
B
us
he
ls
 
1.
20
10
 
1.
20
10
 
So
rg
hu
m
 
B
us
he
ls
 
.
04
86
 
.
04
86
 
B
ar
le
y 
B
us
he
ls
 
.
57
96
 
.
57
96
 
O
at
s 
B
us
he
ls
 
.
21
87
 
.
21
87
 
W
he
at 
B
us
he
ls
 
2.
58
38
 
2.
58
38
 
O
ilm
ea
l 
Cw
t. 
-
.
08
73
a 
-
.
08
73
a 
C
ot
to
n 
fi
be
rs
 
Po
un
ds
 
16
.0
 
16
.0
 
Su
ga
r 
be
et
s 
To
ns
 
.
10
89
 
.
10
89
 
Fe
d 
be
ef
 
Lb
s.
 o
f 
c
a
rc
a
s
s
 
w
e
ig
ht
 
99
.0
 
74
.7
 
N
on
fe
d 
be
ef
 
Lb
s.
 o
f 
c
a
rc
a
s
s
 w
e
ig
ht
 
44
.6
 
33
.7
 
Po
rk
 
Lb
s.
 o
f 
c
a
rc
a
s
s
 
w
e
ig
ht
 
66
.7
 
65
.4
3 
D
ai
ry
 p
ro
du
ct
s 
Cw
t. 
o
f 
m
ilk
 e
qu
iv
al
en
t 
4.
83
 
4.
83
 
B
ro
il
er
sb
 
Lb
s.
 o
f 
re
a
dy
-t
o-
co
ok
 m
ea
t 
41
.1
 
40
.5
6 
Tu
rk
ey
sb
 
Lb
s.
 o
f 
re
a
dy
-t
o-
co
ok
 m
ea
t 
8.
6 
7.
01
9 
La
m
b 
an
d 
m
u
tt
on
b 
Lb
s.
 o
f 
c
a
rc
a
ss
 
w
e
ig
ht
 
3.
1 
1.
19
 
Eg
gs
b 
U
ni
ts
 
25
0.
0 
25
0.
0 
a
N
eg
at
iv
e 
o
ilm
ea
l 
c
o
n
su
m
pt
io
n 
re
fl
ec
ts
 a
n
 
a
dj
us
tm
en
t 
fo
r 
th
e 
hi
gh
 p
ro
te
in
 g
ra
in
 b
y-
pr
od
uc
ts
 p
ro
vi
de
d 
fro
m
 t
he
 m
il
li
ng
 o
f 
th
e 
pe
r 
c
a
pi
ta
 e
qu
iv
al
en
t 
o
f 
th
e 
o
th
er
 g
ra
in
s.
 
bE
 
t·
 
·
t·
 
x
o
ge
no
us
 a
c
 
1v
1 
1e
s.
 
N
 
N
 
~~~--·~--~·--~-----------
23 
soybeans, and sugar beets in rotational combinations. In each producing 
area, only those rotations which have production possibility in that par-
ticular region are defined. A crop management system is defined as a 
unique combination of a rotation with a specific tillage and conservation 
practice on irrigated land or dryland. The soil physical characteristics, 
such as soil type, slope gradient, length of slope, and natural fertility, 
along with technological factors, including various inputs, fertilizer 
response, tillage and conservation practices, and the natural possibilities, 
such as the quantity and distribution of rainfall, are taken into consider-
ation in defining each of these activities. In other words, the yield 
of each crop grown under each technology in each ptoducing area is esti-
mated in conformance with the particular characteristics of the soils to 
which it refers. 
The crop rotations used in each producing area are determined by 
combining the rotations recommended by the Soil Conservation Service in 
each of the Land Resource Areas (the LRA's are listed in the Appendix). 
The number of rotations is adjusted to a reasonably workable level by 
determining the relevant crops grown in the producing area based on the 
1964 and 1969 Census of Agriculture (37, 38) and by selecting rotations 
that provide a variation in production around these crops. 
Each crop management system has a different soil erosion coefficient. 
Soil erosion is influenced by many factors, such as land quality, slope 
gradient, length of slope, rainfall, etc. Soil erosion can be reduced by 
use of various tillage and conservation practices. Contouring reduces 
runoff by temporarily holding back water, thus allowing more time for 
24 
penetration. With contouring, the runoff water must travel some distance 
down the furrow before it is carried off the field, and therefore, moves 
off the field slowly. Strip cropping is an effective means of spreading 
water. Terracing also reduces velocity of water and spreads it. This 
method is highly effective on lands up to 12 percent slope (31). Residue 
management and reduced tillage result in better covering of the soil sur-
face and reduce erosion. Reduced tillage is interpreted to be the adop-
tion of the most likely method of tillage in the area consistent with 
reduction in direct exposure of soil surface to the erosion causing ele-
ments. In years of average rainfall or less, additional yields and income 
are realized in the first year of terracing and contouring. It is expected 
that strip cropping never decreases per acre yields and often adds to them. 
The main costs involved in these conservation practices are labor and 
machinery costs (14). 
Four conservation practices, namely straight-row cultivation, con-
touring, strip cropping, and terracing, are considered in this study. 
Each conservation practice is associated with three types of tillage 
practices: conventional tillage, residue management, and reduced tillage. 
Each of these combinations is defined on all land classes wherever data 
are available. Each rotation combined with specific conservation prac-
tice and tillage practice defines a unique crop management system, pro-
grannning activity, or variable. 
Gross soil loss represents the average number of tons of soil leaving 
the field over a one-year period. The soil loss is determined using the 
25 
Universal Soil Loss Equation developed by Wischmeier and Smith (42). 
The soil loss equation is represented by: 
A R.K.L.S.C.P 
where 
A is the average annual per acre soil loss; 
R is the rainfall erosive factor based on the local area; 
K is the soil erodability factor for the specific soil determined 
from its erosion under continuous fallow in a 9 percent slope, 
72.6 feet long; 
L is the slope length factor relative to 72.6 feet; 
S is the slope gradient factor relative to a 9 percent slope; 
C is the crop management factor which relates to a particular crop 
rotation and tillage practice; and 
P is the erosion control practice factor which relates to the 
conservation practice. 
For details on the factors and on computational procedures used, see 
Wischmeier and Smith (42) and the Soil Conservation Service (29). The 
soil loss is computed by Land Resource Area for each feasible crop manage-
ment system on each soil class defined from the SCS questionnaire (Appendix). 
The soil loss by crop management system is weighted to the producing area 
level from the SCS data area as: 
i 1, ... , 
j 1' .... ' 
k 1, ... ' 
m 1, 
.... ' 
n = 1, 
" .. ' 
E SL .. k.A.k /A. 
n lJ J nm Jm 
for the number of crop management 
9 for the land groups, 
systems defined, 
165 for the relevant set of scs data, 
102 for the producing areas, 
for the number of sets of scs data included in the 
producing area, 
where 
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S .. is the soil loss for ith crop management system on jth land 
lJm group in mth producing area; 
SL .. k is the soil loss associated with ith crop management system 
lJ on jth land group consistent with kth SCS data area; 
A.k is the number of acres of jth tillable land group as part n 
J nm of mth producing area; and 
Ajm is the total tillable acres of jth land group in mth producing 
area. 
These coefficients are attached to the appropriate crop management system 
and reflect the severity of erosion for the conditions on which the crop 
management system is defined. 
For those producing areas in the mountain valleys and on the West 
Coast, the data required for the soil loss equation have not been completely 
developed. An alternate procedure is used to estimate the soil loss from 
theselands. The SCS personnel estimated the tons of soil loss asociated 
with the crop management system on each of the land classes and subclasses 
defined in the SCS data area. These estimates are, for the purpose of 
the model, treated as if they were developed from the soil loss equation. 
Each activity representing production of irrigated crops is considered to 
have a soil loss level similar to the corresponding dryland activity. 
Crop yields are estimated from a set of state yield functions developed 
by Stoecker (30). These functions are capable of projecting for the future. 
The function is of the form: 
Y(t) 
where 
Y (t) + A(l.O- O.Sx(t)).PF(t) 
0 
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Y(t) is the estimated average yield per acre in year t; 
Y (t) is the estimated average yield per acre on unfertilized land 
0 in year t, developed from a linear trend function; 
x(t) is the number of units of fertilizer applied per acre in year t; 
PF(t) is the proportion of the acreage receiving fertilizer in year t, 
developed from a linear trend of the proportion of crop acres 
receiving fertilizer; and 
t is the number of years after 1949. 
The x(t) defined above is obtained from 
X (t) p (t).rln(P IP)- ln A- (ln(-ln o.s)? I ln 0.8 
0 L X c .:J 
where 
ln is the natural logarithm, i.e., log to the base e; 
p is the weighted price per unit of fertilizer; 
X 
p is the price of a unit 
c 
of crop c· , and 
P (t) is the linear estimate of the proportion of the optimum rate of 
0 fertilizer applied in year t. 
The last multiplication factor in the above equation represents an esti-
mate of the optimum application of fertilizer obtained by solving the 
marginal conditions of profit maximization. 
Weights are used to estimate the yields in the producing areas from 
these state yield functions. These weights are developed from the 1964 
Census of Agriculture (37) as: 
i 1, ... , 
j 1, ... ' 
k 1, ... ' 
m 1, ... ' 
n = 1, ... ' 
L A .. I L Aikm jEm lnJ m 
for the crops, 
for the counties in state n, 
102 for the producing areas, 
for the producing area part in 
48 for the continental states, 
nth state, and 
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where 
Wimk is the weight for ith crop in mth part of kth producing area; 
Ainj is the number of acres of ith crop in jth county in nth state 
included in kth producing area; and 
Aikm is the acres of ith crop in mth part of kth producing area. 
These weights are multiplied by each of the function coefficients and 
summed over m for each i and k to give the producing area yield prediction 
equations. These yields are adjusted for land groups and conservation 
practices. The data obtained from the SCS questionnaire included a set 
of ratios giving the relative land class yields as compared to the most 
productive land class of the area. These ratios are used with the acreage 
by crop 1 by land class reported in the National Inventory (2) type to 
develop a set of ratios which relate each land class to the producing area 
average crop yield. These ratios are then used to adjust the projected 
producing area yields for each land group. The conservation and tillage 
ratios are also obtained from SCS data. 
The nitrogen fertilizer coefficients for the interaction between the 
crop management systems and the nitrogen fertilizer restrictions are ob-
tained as a by-product of the yield estimates. The optimum level of 
fertilizer that goes into the regional yield response function is used 
to estimate these interaction coefficients. The level of commercial 
fertilizer required to meet the projected yields is obtained by subtracting 
the amount of nitrogen fertilizer equivalent provided by the legumes, 
1 Crop types reflect row crops, close-grown crops, and hay and pasture 
as reported in the National Inventory (2). 
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if any, in the rotation from the optimum level of fertilizer. The legume 
nitrogen data are obtained from the results reported in Movers' and 
Shrader's works (21, 26, 27, 28). The legume hays provide carry-over 
nitrogen for a two-year period. This carry-over nitrogen is determined 
from the functions: 
2 3 50.0Y - 5.0Y + 0.2Y 
y 
81.5 - (81.5) 0.8 
and 
where N1 and N2 are the pounds of nitrogen supplied by the legume crops 
for the first and second years, respectively, and Y is the annual yield 
in tons of dry weight hay equivalent of the legume hay. A similar rela-
tionship has been developed for nitrogen carry over from soybeans. 
Water coefficients are determined as outlined in Heady, et al. (15), 
and the requirements for each activity are weighted by the percentage of 
crops in the rotation. The crop costs are calculated individually, but 
updated, from the data collected by Eyvindson (11). Five components of 
the total cost are used: labor cost, machinery cost, pesticides, non-
nitrogen fertilizer, and miscellaneous costs, such as lime, grain drying, 
and seed. The data developed by Eyvindson are weighted to obtain the crop 
management system costs for 102 producing areas for each of the endogenous 
crops, using the following relationships: 
i 1, ... ' 
j 1' ... ' 
k 1, ... ' 
m 1, ... ' 
I: C ..• (A. /A.k) 
mt:k lJm JID J 
5 for the different components of 
for the endogenous crops, 
102 for the producing areas, and 
for the number of counties in kth 
the total cost, 
producing area, 
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where 
cijk is the ith component of the total cost of j th crop in kth 
producing area; 
c .. is the ith component of the total cost for j th crop in mth 1Jm 
county; 
A. is the acres of jth crop in mth county; and Jm 
Ajk is the acres of jth crop in kth producing area. 
Each county in Eyvindson's region is assumed to have the costs of that 
region. The acreages are obtained from the Census of Agriculture (38). 
Labor costs are adjusted to account for the changes in technology as out-
lined in Heady, et al. (15). 
Adjustments for tillage and conservation practices are determined 
from the SCS data. These costs are adjusted to reflect the tradeoffs 
between the tillage operations and use of herbicides. In areas which are 
not moisture deficient, as shown in Figure 7, a direct tradeoff has been 
determined with the saving in machinery cost being equally offset by an 
increase in herbicide costs (1, 7, 19, 25). In arid areas, the adjustment 
consisted of a $3.00 increase in herbicide costs for a $1.00 decrease in 
nonherbicide costs. In areas where summer fallowing is common, as shown 
in Figure 8, a relative use of fertilizer and herbicides is obtained from 
the Economic Research Service (9, 10). 
A final adjustment is made for the terracing costs whenever a crop 
management system includes terracing. This adjustment is based on SCS 
data. The average terracing cost per acre is calculated from: 
TC. 0.1 (CC1. + PW .. W. + PT .. T.) PLT. 1 1 1 1 1 1 
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i 1, ... , 9 for the land groups, 
where 
TCi is the terracing cost per acre on ith land group; 
CCi is the per acre construction cost of terraces on ith land group; 
PWi is the proportion of acres of ith land group having grassed 
waterways for drainage; 
Wi is the cost per terraced acre for grassed waterways in ith 
land group; 
PTi is the proportion of acres terraced having tiled outlets for 
drainage in ith land group; 
Ti is the cost per terraced acre for tiling on ith land group; and 
PLTi ~:ht~=n~r;~~~;~on of all land which is feasible to terrace in 
The factor 0.1 is used to adjust for a 10-year amortized life of the 
terrace. 
The total cost of production for each crop management system is 
determined from all the different cost components as follows: 
i 
j 
k 
m 
where 
c .. k ~] 
1, ... ' 
1, ... ' 
1, ... , 
1, ... ' 
l: (M. • + L . . + P . • + F . . + MS . . ) • R . . + TCJ. k 
m ~Jm ~Jm ~Jm ~Jm ~Jm ~Jm 
for the number of crop management systems in j th 
producing area, 
102 for the producing areas, 
18 for land groups, and 
for crops in the crop management system, 
C .. k is the cost per acre of ith crop management system on kth 
~J land group in jth producing area; 
M .. is the projected per acre machine cost for mth crop in ith 
~Jm crop management system in jth producing area; 
For 
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1 .. is the projected per acre labor cost for roth crop in ith crop 
1Jm management system in jth producing area; 
P .. is the projected per acre pesticide cost for roth crop in ith 
1Jrn crop management system in jth producing area; 
F .. is the projected per acre cost of nonnitrogen fertilizer for 
1Jrn roth crop in ith crop management system in jth producing area; 
MSijm is the projected miscellaneous cost per acre of roth crop in 
ith crop management system in jth producing area; 
R •• is the rotation weight for roth crop in ith crop management 1Jrn 
system in jth producing area; and 
TCjk is the per cultivated acre terracing costs on kth land group 
in j th producing area. 
Models E, F, and G2, where use of pesticides and insecticides is 
restricted in Iowa, the yields in Iowa are adjusted according to the data 
obtained from personal communications with Dr. Harold Stockdale, Depart-
ment of Entomology, Iowa State University, and from basic research data. 
The pesticide components of the total costs are also adjusted in Iowa to 
reflect this restriction. 
The difference between conservation and tillage practice alternatives 
for a crop rotation is reflected only in the yield and cost differentials, 
not in the resource use. In the linear programming context, that alter-
native which has the lowest aggregate resource cost per unit of output 
will be selected consistently. With this in mind, all crop management 
systems within a unique rotation are evaluated, and the most profitable 
alternative is selected. This screening of crop management systems 
resulted in reducing the number of crop management activities. This does 
not affect the number of other activities, but the reduction is significant, 
since the crop sector by far is the largest sector in the model. 
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Exogenous crop sector 
Resources for the exogenous crop sector are predetermined. The 
exogenous crops include broomcorn, buckwheat, cowpeas, dry beans, dry 
peas, flax, hops, orchards and vineyards, peanuts, potatoes, tobacco, 
cropland and noncropland pasture, proso-millet, rice, rye, safflower, 
sugar cane,sunflower, sweet potatoes, noncropland hay, and vegetables. 
Soil loss and other environmental restrictions are not considered in 
developing this sector. The 1969 production and the projected production 
for 2000 are determined from OBERS work of the Economic Research Service. 2 
Acreages for each crop in 1969 are obtained from the Census of Agriculture 
(38), and the average state yields are determined. Dean et al. (6) re-
ported the yields of exogenous crops in California for the years 1969 and 
2000. It is assumed that the exogenous crop yields in each state will 
increase in the same proportion as the California yields, and the yield 
ratios in California are used to adjust all state yields for 1985. All 
projections are made at the state level. These acreages are allocated to 
the counties on the basis of the proportion of each crop grown in the 
county as reported in the Census of Agriculture (38). These acreages are 
aggregated appropriately to determine the acreages in each producing area. 
Exogenous crops are grouped into three categories, according to the 
type of cultivation--row crops, close-grown crops, and orchards and vine-
yards. Acreages of the three categories are allocated to different land 
groups in proportion to the other row crops, close-grown crops, and 
2The 1972 OBERS Report backup materials were obtained through private 
communication with Dr. M.L. Cotner, Director, NRED, U.S. Department of 
Agriculture. 
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orchards and vineyards (adjustments are made if the projected acreage of 
the exogenous crops in any land group is greater than the acreage avail-
able in that land group). The exogenous crops receive water and other 
resources prior to the endogenous crops. Discrepancy from the viewpoint 
of competitive situation does not arise, because most exogenous crops 
are either high-value crops or those grown under contract. 
Nitrogen fertilizer use by exogenous crops is significantly large, 
especially in the Gulf and West Coast areas. Nitrogen fertilizer require-· 
ment in the producing areas is determined as: 
N. L: A .. X .. 
1 j 1] 1] 
i 
'j 
1, 
1' 
... ' 
... , 
102 for 
for the 
the producing areas and 
exogenous crops, 
where 
N. 
1 
is the total projected nitrogen fertilizer equivalent required 
for the exogenous crops in ith producing area; 
A .. is the projected per acre requirement of nitrogen fertilizer 
1 ] equivalent for jth crop in ith producing area; and 
Xij is the projected acreage of jth exogenous crop in ith producing 
area. 
The per acre nitrogen requirement for each of the exogenous crops is 
obtained from Stoecker (30). The total amount of nitrogen required by 
exogenous crops in each producing area is then entered into the nitrogen 
fertilizer restriction as a presolution deficit. 
The livestock producing activities simulate the production possibilities 
for meeting the meat portion of the nation's food demand. These activities 
-------------------
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create intermediate demand for the feed commodities and are defined at 
the consuming region level. They represent four types of basic commodi-
ties: beef cow and calf production, beef feeding, hog, and dairy opera-
tions. These basic livestock activities in turn produce feeders, fed 
beef, nonfed beef, pork, and milk products. In addition, poultry, sheep, 
and other livestock, such as horses, mules, ducks, and zoo animals, are 
included exogenously in the basic model as outlined in Heady, et al. (15). 
The model allows alternate rations to be determined for the livestock 
activities from feed produced in the region or imported from other regions. 
The rations are "balanced" at least cost in each region within the model, 
based on the nutrient requirements recommended by the National Academy of 
Sciences (22, 23, 24). These rations allow substitution between grains, 
between roughages and grains, and between roughages, given the grain com-
ponent with upper bounds to prevent excesses of some ingredients. Oil-
meal requirements, based on soybean meal equivalent, are met partly by 
the high protein grain by-products and animal scraps. 
Nitrogen from livestock waste~_ 
Historically, livestock wastes have been used as a source of plant 
nutrients. The disposal of these wastes recently has become a problem 
to farm operators and communities under concentration of livestock pro-
duction. All livestock activities in this study are subject to the restric-
tion that the nitrogen wastes, using the conventional handling systems, 
must be utilized in the crop production sector. Data expressing the daily 
production of nitrogen wastes for the different classes of livestock are 
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adjusted for the efficiency of the handling systems and for the feeding 
time and pattern of the activity (41). The calculated per unit produc-
tion figures, as shown in Table 3, are used as the interaction coeffi-
cinets in the fertilizer nitrogen restriction. 
International trade sector 
This sector relates commodity demands to export components of the 
model. The basic model uses the net export (or import) data for the 
years 1969-72 as normal levels. The export demands for corn, barley, oats, 
oilmeals, and sorghum are allocated to individual consuming regions, based 
on the proportions to the average of exports of each commodity from the 
ports in the respective regions over the period 1967-69 (2, 3, 32, 33). 
For solutions using high level net exports, the export levels are 
increased to the highest possible extent where the entire land base of the 
United States is effectively utilized. Net exports in 1973 were the highest 
ever in the history of the United States. Twice the level of 1973 feed 
grain exports are used as the medium level of exports for Models Gl and G2. 
The level of exports for the different models of the study are given in 
Table 4. Various treaties with Mexico and Canada require export of water 
to those countries, and the model meets these requirements. Exports or 
imports of exogenous commodities are accounted for by adjusting the per 
capita requirements of these commodities, based on 1969-72 average data. 
Determination of resource levels 
Resources are defined to include different types of land, water, and 
nitrogen fertilizer in each area or region. The major constraints on the 
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Table 3. Nitrogen fertilizer equivalent from livestock wastes. 
Lbs. of Nitrogen 
Per Unit of 
Type Unit Period Livestock 
Beef cows Head Year 58.0 
Beef feeding 
( 1.5)a Head Day .102 
Beef feeding 
(2.25)a Head Day .103 
Beef feeding 
( 3. 0 )a Head Day .105 
Dairy Head Year 142.0 
Hogs Cwt. l.w. Production period 2.8 
Poultry b 1,000 Lbs. r.c.w. Production period 28.0 
Eggs 1,000 Doz. Production period 20.5 
Sheep Cwt. care. wt. Production period 2.17 
aRates are expected daily gain of the feeders while in the lot. 
b Poultry represents the production of broilers or turkeys. 
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Table 4. Net export levels used for different models 
Commodity 
Corn 
Sorghum 
Barley 
Oats 
Wheat 
Oilmealsa 
Cotton 
Beef 
Pork 
Dairy products 
Broilers 
Turkeys 
Eggs 
:::iheep and lambs 
Units 
Thou. bu. 
Thou. bu. 
Thou. bu. 
Thou. bu. 
Thou. bu. 
Thou. bu. 
Thou. bales 
Thou. cwt. 
Thou. cwt. 
Thou. cwt. 
Thou. cwt. 
Thou. cwt. 
Thou. doz. 
Thou. cwt. 
b Normal 
626,333 
126,666 
48,666 
16,179 
658,719 
276,407 
3,306 
-16,088 
-3,349 
-4,661 
295,416 
44,162 
68,699 
-1,647 
Net Export Level 
Mediumc 
2,610,372 
439,496 
182,074 
102,846 
1,400,000 
350,000 
13,000 
-16,088 
-3,349 
-4,661 
295,416 
44,162 
68,699 
-1,647 
aOilmeals are expressed in soybean meal equivalent. 
b Normal exports are defined as average 1969-72 level. 
cMedium exports are defined as twice the 1973 exports. 
6,800,000 
800,000 
400,000 
200,000 
1,200,000 
350,000 
13,000 
-16,088 
-3,349 
-4,661 
295,416 
44,162 
68,699 
-1,647 
dHigh exports are defined such that the entire land base of the 
United States is effectively utilized. 
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model are the acreages in nine land groups available for the endogenous 
crops in each producing area. The base acreages, used for the cultivated 
land in this study, are obtained by aggregating the acreages by land 
classes from the Conservation Needs Inventory Committee (2) which were 
used for row crops, close-grown crops, summer fallow, rotation hay and 
pasture, conservation use, fruits, and vegetables. The National Inventory 
reported these acreages by eight different general classes of land and 
four subclasses, indicating the susceptibility to erosion, water, climate, 
and soil condition hazards--a total of 29 land classes. These 29 land 
classes are aggregated into nine land groups as shown in Table 5. 
The available land in each group is adjusted for the projected 
increase in the availability of irrigation water as outli.ned in Heady, 
et al. (15). Available acreage in each land group is determined at the 
producing area level. After all adjustments, the acreage in these land 
groups at the producing area level determines the land available for 
endogenous crops in that producing area for that particular land group. 
Total land available for the endogenous crops is given in Table 6. 
Co!fimodity and resC!~rc:_E>__tra~s1_ECE~ 
Transportation activities are defined to facilitate transfer of 
commodities from areas of surplus production to areas of excess demand and 
make production of all commodities among regions and allocation of land 
and water interdependent over the entire nation. Similar activities are 
defined to transport water on a downstream flow or through interbasin 
channels. The commodity transportation activities are defined for the 
Table 5. 
Land 
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a Land classes and subclasses aggregated into nine land groups. 
Groups Inventory Class-Subclass 
·---------·--------
l I 
2 liE 
3 liS, IIC, IIW 
4 IIIE 
5 IllS, nrc, IIIW 
6 IVE 
7 rvs, rvc, IVW 
8 All of v 
9 All of VI, VII, VIII 
a Inventory classes and subclasses are ns defined by the Soil Con-
servation Service for the National Inventory (2). 
Table 6. Total dryland and irrigated acreages in the nine land groups 
available for endogenous crops.a 
----· --· ---------· ·-·-· -------
Land Group Dry land Irrigated ToL1l 
(000 acres) 
l 24,307 6,399 30,706 
2 75,672 6,898 82,570 
3 75,612 4,810 80,422 
4 65,466 3,551 69,017 
5 46,257 4,985 51,242 
6 28,515 1,217 29,732 
7 15,136 1,272 16,408 
8 319 10 329 
9 12,885 296 __l;hl.8l 
Total 344,172 29,437 373,609 
a Represents the total acres available for use by endogenous crops. 
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crop products--barley, corn, oats, sorghum, sobyeans, and wheat, and for 
livestock products--fed beef, nonfed beef, pork, feeders, and dairy pro-
ducts on a milk-equivalent basis. These activities are defined as 
0 ~ Tijk where Tijk is the net movement of ith commodity in the jth con-
suming region through the kth route. These activities are defined for all 
j. These activities move commodities to adjacent consuming regions. Some 
long-haul routes also are defined wherever the long-haul mileage is less 
than 90 percent of the route associated with the movement through all 
intermediate markets (15). 
The transfer of water has two components, the downstream flow and 
interbasin flows. The natural flow activities are defined as WN .. 5 0.75W. 
1] 1 
where WNij is the natural downstream flow of water from ith water supply 
region to jth water supply region and Wi is the water available at the 
ith water supply region. The interbasin transfers are defined wherever 
interbasin transfer systems exist. The bounds on these activities are the 
capacity of the system rather than the quantity of water available. 
The final transfer sector in the model is to allow fed beef to be 
used as part of the supply requirements to meet the nonfed beef demand. 
This is the same as slaughtering cattle, in a slightly less finished state, 
to be used for low quality meat. If this type of substitution is not 
allowed, excess livestock (dairy and/or beef cows) will be produced by 
the model to satisfy the nonfed beef demand and produce an excess of their 
primary products, namely, feeders and milk. 
The water resources are obtained directly from Heady, et al. (15). 
A water buying activity is defined for each of the water supply regions. 
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Each of these activities is restricted such that W~ < U. where W~ is the l ··- l l 
level of water buying activity in ith water supply region and U. is the 
l 
upper limit equal to the dependable water supply in that region. A water 
desalting activity is defined to augment the supply of water in those 
water supply regions that are adjacent to a salt water source (15). Nitro-
gen fertilizer activities are defined at the consuming region level. There 
is no upper limit on these fertilizer activities. Hence, the crop pro-
duction is not limited by the scarcity of nitrogen fertilizer. 
Regional Restraints 
Restraints are defined at different regional levels, such as producing 
areas, consuming regions, water supply regions, and at the national level. 
These restraints restrict the use of land, domestic and international 
demand, water buying and transfer, use of nitrogen and pesticides, and 
soil loss. In this section, these restraints are discussed at different 
regional levels. 
Restrai~ts im_posed at pro_duc_~~ area level 
Three types of restraints are imposed at the producing area level. 
These are: (1) restraints on the availability of land by land group; 
(2) restraints on maximum allowable soil loss per acre in Iowa; and (3) 
restraints on use of nitrogen and pesticides in Iowa. 
The restraint on available land is defined for each producing area 
by land group. These restraints form the base for the model and provide 
a means of expanding or contracting the agricultural output. These 
restraints are of the type: 
-··-----------·-----
where 
i 
j 
Z A .. kX. "k ~ L .. k l] l] l] 
1, 102 for the 
l, 18 for land 
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producing areas, 
groups defined, and 
k 1' for the number of crop management systems defined 
on jth land group in ith producing area, 
Aijk is the acres of cropland defined in kth crop managment system 
on jth land group in ith producing area; 
X. "k is the level of kth crop management system defined on jth 
lJ land group in ith producing area; and 
L .. is the net availability of cropland on jth land group in ith 
lJ producing area. 
Eighteen land groups are defined, 1 through 9, for the dryland activities 
and 10 through 18 for the potentially irrigated activities. Dryland 
activities are also defined on the potentially irrigated land such that 
when the entire water supply is utilized before the available land is 
exhausted, the unused land could be shifted to rainfed crops. 
Another restraint imposed at the producing area level is the soil loss 
restriction. This restraint is imposed only on 12 producing areas (pro-
ducing areas numbered 91 through 102) defined in the soil conservancy 
districts of Iowa. In fact, this is a presolution condition and is not 
executed by the model. Each activity in the above mentioned producing 
areas is evaluated, and only those crop management systems that have a 
determined soil loss level less than the per acre limit imposed on the 
model are included for that analysis. The soil loss restrictions are of 
the form: SLijk < MSL where SLijk is the per acre soil loss associated 
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with kth crop management system on jth land group in ith producing area 
and MSL is the maximum allowable soil loss per acre. 
The restriction on use of nitrogen is also imposed in a similar 
fashion. Whenever a crop management system uses more than 100 pounds of 
nitrogen, the use is restricted to 100 pounds and the yields are adjusted 
accordingly, using the yield response function. Similarly, use of pesti-
cides is restricted to a minimum possible level, and the yields and costs 
are adjusted accordingly. These restrictions also are imposed only in 
the state of Iowa. 
Restraints imposed __ ~_water supply region level 
Only one restraint is defined at the water supply region level. It 
regulates the supply of and demand for water in the water supply regions 
and is detailed in Heady, et al. (15). This restraint is of the form: 
i 
j 
k 
1 
m 
where 
HB + HT + HI Ho HE ~ l: 1: 1: X •. w .. 1 1 - 1 1 1 id j lJm lJm m 
y p 
0 l: 1: H.kY .k l: W.P. l'. 
id k l l id l l 
l, ... ., 102 for producing areas, 
1' ... , for the crop management systems in ith producing area, 
1, ... , for livestock activities in ith producing area, 
1' .... , 35 for water supply regions, and 
1, ... , 18 for land groups in ith producing area, 
the level of water buying activity in lth water supply region; 
is the net natural water transfer associated with lth water 
supply region; 
I w1 is the level of net interbasin transfer of water associated with 
lth water supply region; 
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wl is the level of onsite water use in lth water supply region; 
WE is the level of water export associated with lth water supply 1 
region; 
is the level of water use for exogenous crops and livestock in 
lth water supply region; 
W.. is the per acre water requirement for the jth crop management 
lJm system on mth land group in ith producing area; 
X .. is the level of jth crop management system on mth land group 
lJm in ith producing area; 
y 
Wik is the per unit water requirement by kth livestock activity in 
ith producing area; 
yik is the level of kth livestock activity in ith producing area; 
II is the level of water use per person in ith producing area; and l 
P. is the number of persons in ith producing area. l 
All units are in acre feet of water. Of the activities interacting in 
this model, water buying, water transfers, interbasin flow, water for 
onsite uses, water exports, and water for exogenous crops and livestock 
are bounded by an upper limit. 
Restraints imposed at consuming region level 
The restraints imposed at the consuming region level balance the 
production and distribution of commodities and allow for interaction of 
the commodities as intermediate goods wherever applicable. Transportation 
activities link these consuming regions, allowing for transportaion of 
commodities to facilitate regional comparative advantage. These restraints 
are of the form: 
l: 
iEm 
P N XE > 0 il i - lm 
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i 1, ... ' 102 for producing areas, 
j 1, ... ' for crop management systems, 
k 1, ... , for livestock activities, 
1 1, 15 for commodities, 
m 1, ... ' 29 for consuming regions, and 
n 1, ... ' for transportation activities, 
where 
c Cijl is per unit production of lth commodity by jth crop management 
system in ith producing area; 
X .. is the level of jth crop management system in ith producing 
1] 
area; 
L Cmkl is the per unit production or use of lth commodity by kth 
livestock activity in mth consuming region; 
Ymk is the level of kth livestock activity in mth consuming region; 
Tlmn 
Elm 
pil 
N. 
1 
XE 
lm 
is the net movement of lth commodity in mth consuming region 
by nth route; 
is the net export of lth commodity from mth consuming region; 
is the per capita consumption of lth commodity in ith producing 
area; 
is the population level in ith producing area; and 
is the net use of lth commodity by the exogenous livestock in 
mth consuming region. 
The second restriction defined at the consuming region level is on 
use of nitrogen fertilizer. This restriction balances production and pur-
chase of nitrogen fertilizer on the supply side and use on the demand side. 
This rules out the possibility of using nitrogen from livestock wastes 
produced on one consuming region in another consuming region for the pro-
duction of crops. This restriction is of the form: 
i 
j 
k 
1 
m 
where 
1' ...• 
1' ... ' 
1' 
1, 
... ' 
1, ... , 
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29 for consuming regions, 
18 for land groups, 
for crop management systems, 
for producing areas defined in ith consuming 
reg ions, and 
for the number of livestock activities, 
Lim is the pounds of nitrogen fertilizer produced in the wastes 
of one unit of mth livestock activity in ith consuming region; 
Y. is the level of mth livestock activity in ith consuming region; 
l.m 
Zi is the level of nitrogen fertilizer buying activity in ith 
consuming region; 
EL. is the level of nitrogen fertilizer produced by exogenous 
1 livestock activities in ith consuming region; 
Xljk is the level of kth crop management system on jth land group in 
lth producing area; 
Aljk is the per acre nitrogen fertilzier requirement of kth crop 
management system on jth land group in lth producing area; and 
ECi is the level of nitrogen fertilzier requirement for the exogenous 
crop activities in ith consuming region. 
Another restriction imposed at the consuming region level is on the 
production of crop and livestock commodities. Since it is felt that the 
time period to 1985 is not sufficient to warrant a complete shift of the 
production pattern based on the comparative advantage, the production of 
these commodities is restricted by lower and upper bounds. Since this 
restriction results in diversification, it can also be viewed as a risk 
aversion strategy on the part of the farm operators. These restraints 
are of the type: 
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i 1, ... ' 29 for the c~um~g regions, 
j 1, ... , f= the crop management systems or livestock activities, 
and 
k 1, ... ' f= the commodities on which production restraints are 
imposed, 
where 
Lik is the lower bound on the production of kth commodity in ith 
consuming region; 
Wijk is the weight of kth commodity in jth production activity in 
ith consuming region; 
X .. k is the level of jth production activity producing kth commodity 
~J in ith consuming region; and 
Uik is the upper limit on the production of kth commodity in ith 
consuming region. 
Two commodities, namely, cotton and sugar beets, are balanced at the 
national level as explained in Heady, et al. (15). The producing areas 
feed these commodities directly into the national market. 
Objective Function 
The model assumes a competitive equilibrium of the market where 
all resources are just being paid their market value or cost in 1985. The 
objective function minimizes the total cost of producing and transporting 
the nation's agricultural production, subject to restraints on the avail-
ability of land, water, and nitrogen resources, Iowa environmental goals, 
a transportation network, technology implied in the defined activities, 
and domestic and foreign demands. The objective function includes the 
cost of production, transfer, and transportaion of all commodities and 
resource purchases. For each activity, a unit cost of production is 
defined. This cost includes only the cost of those inputs which are not 
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provided by the programming model. The objective function is of the 
form: 
1: 1: c + 1: L + CFF ) min C .. X .. 1: c ky k 
i j 1J 1J k m m m m m 
(CBWB D D T T t TT + l: + clwl + ClWl) + l: 1: 1: c 
1 1 1 mpq mpq m p q 
i 1, ... ' 102 for producing areas, 
j 1, .... ' for crop management systems, 
k 1, ... ' for livestock activities, 
1 1, ... ' 35 for water supply regions, 
m 1, ... ' 29 for consuming regions, 
where 
p 1, .... ' for commodities considered, and 
q 1, ... ' for transportation activities, 
c C .. is the per unit cost of jth crop management system in ith 
lJ producing area; 
X .. is the level of jth crop management system in ith producing 
lJ area; 
c1 is the per unit cost of kth livestock activity in mth consuming 
mk 
region; 
is the level of kth livestock activity in mth consuming region; 
is the cost per unit of nitrogen fertilizer purchased in mth 
consuming region; 
Fm is the level of nitrogen fertilizer buying activity in mth con-
suming reg ion; 
CB is the cost per acre foot of water buying in lth water supply 1 
region; 
W~ is the level of water buying activity in lth water supply 
region; 
is the level of water desalting activity in lth water supply 
region; 
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CD is the cost of desalting one acre foot of water in lth water 1 
supply region; 
CT is the cost of transporting once acre foot of water in lth water 1 
supply region; 
WT is the level of water transfer through natural flow, interbasin 1 transfers, or exports in lth water supply region; 
Ct is the cost of moving one unit of pth commodity in mth consuming 
mpq region through qth route; and 
T is the net movement of pth connnodity in mth consuming region 
mpq through qth route. 
Again, the reader should be reminded that the calculations outlined 
above required a large amount of detail and calculation. Generally, each 
calculation to account for technology, soil characteristics, and input mix 
used had to be calculated separately for each land resource group in each 
producing area in the nation and each conservancy district in Iowa. 
This concludes the detailed description of the resources, activities, 
and different restraints in the models used in this study. The following 
sections deal with (1) the results and impacts of different export levels 
and environmental controls imposed on the Iowa agricultural sector of 
the income, production, land use pattern, prices, and other economic fac-
tors; (2) the effects of isolated controls on maximum allowable soil loss 
in Iowa; (3) the effects of other environmental controls, such as restric-
tions on use of nitrogen and other chemicals in Iowa; and (4) the effects 
of increased exports combined with different environmental restrictions 
in Iowa. 
III. SOIL LOSS RESTRICTIONS IN IOWA AND TRADEOFFS 
IN THE AGRICULTURAL SECTOR 
The nine models analyzed in this study deal with restrictions on 
different levels of maximum allowable soil loss, use of nitrogen and 
pesticides in Iowa, and different export levels at the national level as 
shown in Table 1. The environmental restrictions on soil loss and use of 
nitrogen and pesticides are applied only in Iowa to determine the outcome 
for the state when environmental policies are applied at the state level 
but not at the national level. Of course, all producing areasof the nation 
as well as those in Iowa must meet the restraints on the supply of land 
and water and consumer demand. Three models are discussed in this section. 
Model A deals with the free market situation, with no environmental restric-
tions in Iowa or elsewhere in the nation, and exports at the 196~-72 level. 
The other two models incorporate two levels of maximum allowable soil loss, 
one at 5 tons and the other at 2.5 tons per acre, per year, in Iowa (but 
not elsewhere in the nation). For each of these models, resu1ts are pre-
sented on land use, cropping pattern, soil loss, use of nitrogen, and 
farming practices. 
All models estimate production, consumption, and other economic 
factors for 1985, subject to different environmental restrictions applied 
in Iowa. The unrestricted model (Model A) is used as a benchmark solution 
against which results of other models are compared. This model generally 
simulates free market conditions. The nitrogen fertilizer restrictions 
force the model to use livestock wastes produced in each consuming region 
for crop production in that region. 
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The emphasis of the analysis in this section is on the effect of 
Iowa's soil loss restrictions on the agricultural sector. These effects 
are reflected in the land use pattern, resource use, farming practices, 
farm income, and other related factors. The results are presented on the 
basis of the regions presented in Figure 9. Initially, a comparison is 
made of the free market solution (Model A) with the most recent compar-
able data available. 
Production Patterns Under No Soil Loss Restriction 
The unrestricted model (Model A) simulates the agricultural sector 
with complete mobility of resources, including farm operators. The model 
does not assume any practices undertaken to maintain the productivity of 
land or other factors. This may overemphasize some of the results. The 
comparison of the projected regional shifts of production patterns under 
no environmental restrictions is made against the production patterns 
found in 1967 (2). 
Land use patterns 
The land use pattern suggests that there is additional production 
capacity in all regions in 1985 under the competitive conditions and 
1969-72 export levels. Under these conditions, crop production shifts 
to areas with greatest comparative advantage, subject to demand and resource 
levels. The projected demand conditions and yield increases result in 
smaller acreage needed for crops in 1985 than in 1967. Of course, the 
governn1ent had in effect a program that withheld 60 million acres from 
I 
I 
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production and exported vast quantities of farm products under public 
subsidy in 1967 and in 1969-72. The total dryland acreage in 1985 declines 
to 939 million acres, as compared to 953 million acres in 1967 as shown 
in Tables 7 and 8. Even though the acreage under row crops increases by 
about 24 million acres in 1985, the acreage under close-grown crops de-
creases by about the same amount. Acreage under all hay and other crops 
also decreases in 1985. This is indicative of the greater production of 
nutrients per acre by the row crops at a lower per unit cost. The total 
dryland acreage increases in South Central, Southwest, and Iowa regions 
in 1985 as compared to 1967. But these increases are more than offset 
by the decrease in acreage in other regions. This is due to the increase 
in yield rates and due to the regional shifts in production patterns, 
according to comparative advantage between regions. The reduction in 
hayland acres reflects a switch towards the cultivated acres as a roughage 
source. 
The irrigated acreage in the nation decreases by 5 million acres under 
Model A, from 40 million acres in 1967 as shown in Tables 9 and 10. Acre-
age under pasture increases, but this increase is more than offset by the 
decline in area under row crops, close-grown crops, hay, and other crops. 
Part of the reduction in acreage in 1985 is due to the shift of 
production to more productive land classes I and II. relative to the crop-
ping patterns in 1967. About 68.2 percent of 1985 row crops are grown on 
land classes I and II as compared to only 61.6 percent in 1967. The pro-
portion of close-grown crops on classes I and II remains about the same 
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Table 7. Dryland crop acreages in major zones by land class in 1967. 
Zone and 
Land Class 
Iowa 
I, II 
IIIE, IVE 
other III, IV 
V-VIII 
Atlantic 
I, II 
IIIE, IVE 
Other II I, IV 
V-VIII 
North Central 
I, II 
IIIE, IVE 
Other II I, IV 
V-VIII 
South Central 
1, II 
111!:, l VE 
Other Ill, IV 
V-VIIl 
Great Plctlns 
l, II 
IIIE, IVE 
Other II I , TV 
v-v III 
Northwest 
I, II 
IJIE, IVE 
Other III, IV 
V-VIII 
Southwest 
I, II 
IIIE, IVE 
Other III, IV 
V-\'III 
'Jnlted States 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
How 
16,427 
11' 147 
4,134 
799 
347 
20,314 
12,158 
2,943 
4,579 
634 
58,263 
43,180 
6,547 
7,653 
883 
37' 161 
18,069 
8,968 
9,139 
98~) 
8,073 
3,983 
3,275 
433 
382 
93 
81 
7 
20 
5 
3,574 
149 
2,190 
876 
359 
143,905 
88,747 
28,064 
23,499 
3,595 
Close 
Grown 
1,990 
1,058 
788 
70 
74 
4,973 
2,608 
1,349 
774 
242 
26,811 
18,768 
3,664 
3,863 
516 
23,667 
11,928 
7,734 
3,346 
659 
27,567 
11,204 
11,193 
3,552 
1,618 
5,980 
1,183 
3,145 
1,427 
225 
2,844 
251 
1,035 
1,415 
143 
93,832 
47,000 
28,908 
14,447 
3,477 
All 
Hay a PC~sture b Otherc 
(000 acres) 
4,507 
1,945 
2,108 
150 
304 
12,138 
4,834 
3,885 
2,175 
1,244 
26,939 
14,816 
6,360 
3,853 
1,910 
10,637 
3,802 
4,088 
1,811 
936 
9,093 
2,676 
3,621 
1,292 
1,504 
2,158 
559 
798 
677 
124 
76 
25 
29 
18 
4 
65,548 
28,657 
20,889 
9,976 
6,026 
5,594 
1,523 
1,869 
177 
2,025 
41,568 
7,119 
8,864 
12,401 
13,184 
41,114 
12,244 
10,391 
4,688 
13,791 
169,350 
27,786 
45,325 
n,s78 
78,361 
185,35:' 
7,551 
34,130 
8,274 
135,397 
47,651 
945 
5,069 
2,298 
39,339 
123,682 
943 
6,260 
4,186 
112,293 
614,311 
58,111 
111,908 
49,902 
394,390 
4 
2 
1 
0 
1 
2,062 
560 
250 
1,011 
241 
4,017 
2,911 
508 
4'/'5 
123 
4,2"1::' 
1,735 
1,384 
9"13 
180 
19,S6S 
6,91~! 
8,::'11 
3,146 
l ':?96 
3,883 
468 
2,176 
1,055 
184 
1,253 
191 
366 
606 
90 
35,036 
12,779 
12,896 
7,266 
2,095 
Source: 
aincludes 
Drncludes 
crncludes 
Conservation Needs Inventory Committee (2). 
rotation hay, other hay, and croplanJ pasture. 
permC~nent pasture, range land, and forest grazed. 
summer fallow, orchards, and vineyards. 
To tell 
28,522 
15,675 
8,900 
1,196 
2,751 
81,035 
27,279 
17,291 
20,940 
15,525 
157,144 
91,919 
27,470 
20,532 
1"1,223 
::'c\5' 087 
63,320 
67 ,49() 
33,147 
81, U"i 
249,650 
32, 3:'6 
60,430 
16,697 
140' 19'/ 
59,765 
3,216 
11 '195 
5,477 
39,877 
131,429 
1,559 
9,880 
7,101 
112,889 
952,632 
235,294 
202,665 
105,090 
409,583 
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Table 8. Dryland acreages in major zones by land class with unlimited 
soil loss in Iowa and 1969-72 average exports in 1985 (Model A). 
Zone and Close All 
Land Class Row Grown Haya Pasture Otherb Total 
(000 acres) 
Iowa 22,348 1,217 3,749 5,245 3 32,562 
I, II 14,469 830 2,180 0 2 17,481 
IIIE, IVE 6,431 385 1,563 0 1 8,380 
Other III, IV 1,446 2 6 0 0 1,454 
V-VIII 0 0 0 0 0 0 
Atlantic 17,904 2,447 3,379 47,899 1,785 73,414 
I, II 14,803 1,811 2,115 0 369 19,098 
IIIE, IVE 1,017 440 786 0 152 2,395 
Other III, IV 1,979 189 478 0 1,104 3,750 
V-VIII 105 7 0 0 160 272 
North Central 63,497 19,763 17,652 47,990 255 149,157 
I, II 52,469 14,470 12,305 0 87 79,331 
IIIE, IVE 4,462 2,624 4,073 0 66 11,225 
Other III, IV 6,536 2,647 1,274 0 79 10,536 
V-VIII 30 22 0 0 23 75 
South Central 46,309 17,144 12,162 172,234 744 248,593 
I, II 24,202 8,539 3,357 0 611 36,709 
IIIE, IVE 7,614 5,626 5,046 0 75 18,361 
Other III, IV 14,474 2,842 3,508 0 30 20,854 
V-VIII 19 137 251 0 28 435 
Great Plains 9,390 21,781 18,820 190,184 3,404 243,579 
I, II 5,901 7,593 10,939 0 515 24,948 
JIIE, IVE 2,896 9,279 6,211 0 1,523 19,909 
Other III, IV 565 4,715 696 0 1,366 7,342 
V-VIII 28 194 974 0 0 1,196 
Northwest 282 3,831 1,875 48,243 1,278 55,509 
I, II 64 552 1,192 0 36 1,844 
IIIE, IVE 104 3,076 255 0 1,206 4,641 
Other III, IV 69 192 407 0 23 691 
V-VIII 45 ll 21 0 13 90 
Southwest 8,527 2,818 832 123,697 250 136,124 
I, II 2,886 693 82 0 126 3,687 
IIIE, IVE 2,563 1,708 587 0 68 4,926 
Other III, IV 3,063 414 163 0 47 2,687 
V-VIII 15 3 0 0 9 27 
United States 168,257 69,001 58,463 635,492 7,719 938,938 
I, II 114,794 34,488 32,170 0 1, 746 183,198 
IIIE, IVE 25,087 23,138 18,521 0 3,091 69,837 
Other III, IV 28,132 ll ,001 6,532 0 2,469 48,314 
V-VIII 244 374 1,246 0 233 2,097 
~Including other hay and cropland pasture. 
Summer fallow lands and orchards and vineyards. 
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Table 9. Irrigated crop acreages in major zones by land class in 1967. 
Zone and Close All 
Land Class Row Grown Haya Pasture b Otherc Total 
(000 acres) 
Iowa 12 0 23 0 0 35 
I, II 12 0 10 0 0 22 
IIIE, IVE 0 0 2 0 0 2 
Other II I, IV 0 0 11 0 0 11 
V-VIII 0 0 0 0 0 0 
Atlantic 0 0 0 0 0 0 
I' II 0 0 0 0 0 0 
I IIE, IVE 0 0 0 0 0 0 
Other III, IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 56 1 7 0 0 64 
I, II 30 1 6 0 0 37 
II IE, IVE 2 0 0 0 0 2 
Other III, IV 24 0 1 0 0 25 
V-VIII 0 0 0 0 0 0 
South Central 2,506 1,168 715 180 118 4,687 
I, II 2,112 701 332 109 103 3,357 
IIIE, IVE 285 90 IS 52 15 460 
Other III, IV 99 371 363 5 0 836 
\I-VIII 10 6 2 14 0 32 
Great Plains 4,889 1,805 6,545 1,628 53 14,920 
I, II 3,698 882 2,107 236 19 6,942 
IIIE, IVE 677 428 1,526 422 20 3,073 
Other III, lV 476 449 2,074 535 L' 3,546 
\I-VIII 38 46 839 435 ') 1,359 
Northwest 1,801 1,545 3,513 872 949 8,680 
I, TI 957 585 1,378 275 58:2 J,Tn 
TJ IE, I '!E 188 253 613 71 154 1 '~''/9 
Other II I, IV 639 683 1,229 396 193 3,140 
'!-VIII 17 24 293 130 20 484 
Southwest 6,821 2,282 1,299 330 873 11,610 
I, II 4,954 1,602 799 139 447 7,941 
IIIE, IVE 956 207 118 88 llO 1,479 
Other III, IV 870 465 365 56 308 2,064 
\'-\'I I I 41 8 17 47 13 126 
United States 16,085 6,801 12,079 3,010 1,998 39,973 
I, II 11,763 3, 771 4,622 759 1,151 22,066 
IIIE, IVE 2,108 978 2,275 633 299 6,293 
Other III, IV 2,108 1,968 4,032 992 513 9,613 
\I-VIII 106 84 1,150 626 35 2,001 
---------·-------·------··---- - ---------
--- --------- ---
Source: Conservation Needs Inventory Conunittee ( 2) . 
a Includes .ruLlc~'-'11 hay, other hay, and cropland pdsLure. 
b Includes permanent pasture, range land, and forest grazed. 
c Includes surruner fallow, orchards, c:md v ineyi1rds. 
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Table 10. Irrigated acreages in major zones by land class with unlimited 
soil loss in Iowa and 1969-72 average exports in 1985 (Model A). 
Zone and Close All 
Land Class Row Grown Haya Pasture Otherb Total 
(000 acres) 
Iowa ll 0 24 0 0 35 
I, II ll 0 ll 0 0 22 
IIIE, IVE 0 0 2 0 0 2 
Other III, IV 0 0 ll 0 0 ll 
V-VIII 0 0 0 0 0 0 
Atlantic 0 0 0 0 0 0 
I, II 0 0 0 0 0 0 
IliE, IVE 0 0 0 0 0 0 
other III, IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 0 0 443 0 0 443 
I, II 0 0 336 0 0 336 
IIIE, IVE 0 0 2 0 0 2 
other III, IV 0 0 105 0 0 105 
V-VIII 0 0 0 0 0 0 
South Central 1,600 704 338 198 87 2,927 
I, II 1,080 325 273 0 86 1,764 
IIIE, IVE 223 55 63 0 l 342 
other III, IV 297 323 2 0 0 622 
V-VIII 0 l 0 0 0 l 
Great Plains 5,079 1,130 2,514 5,394 214 14,331 
I, II 3,814 701 1,787 0 ll 6,313 
IIIE, IVE 851 256 374 0 199 1,680 
Other Ill, IV 406 170 346 0 3 925 
V-VIII 8 3 7 0 1 19 
Northwest 1,853 1,708 3,059 2,366 680 9,666 
I, II 1,150 637 1,398 0 395 3,580 
IIIE, IVE 350 262 485 0 108 1,205 
Other III, IV 341 758 1,083 0 164 2,346 
V-VIII 12 51 93 0 13 169 
Southwest 2,896 1,446 1,203 1,545 817 7,907 
I, II 2,205 96 1,024 0 449 3,774 
IIIE, IVE 177 90 179 0 93 539 
Other III, IV 511 1,260 0 0 264 2,035 
V-VIII 3 0 0 0 11 14 
United States 11,439 4,988 7,581 9,503 1,798 35,309 
I, II 8,260 1,759 4,829 0 941 15,789 
IIIE, IVE 1,601 663 1,105 0 401 3,770 
Other III, IV 1,555 2,511 1,547 0 431 6,044 
V-VIII 23 55 100 0 25 203 
a Includes rotation hay, other hay, and cropland pasture. 
bincludes summer fallow, orchards, and vineyards. 
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in 1985 as compared to 1967. About 60.4 percent of the total dryland 
crops, excluding pasture, is grown on classes I and II in 1985 as compared 
to 52.4 percent in 1967. During the period 1960-72, approximately 60 
million acres were retired from production under government farm programs, 
and the farmers were encouraged to rotate the retired land on their farms, 
and the land that was not farmed was not allocated to more erosive and 
less productive lands. In this study, the land that is historically 
retired is allowed to be brought into production, and the more productive 
land replaces the less productive land on more than a 1:1 basis. 
About 61.2 percent of the total irrigated land, excluding pasture, 
is on land classes I and II as compared to 57.6 percent in 1967. There 
is little change in the land class concentration of the irrigated row 
crops. A lower proportion of land classes I and II is under irrigated, 
close-grown crops in 1985 as compared to 1967. A greater quantity of 
these lands is used for exogenous crops, for which land and other resources 
are allocated prior to the solution. 
Regional land use patterns 
The change in distribution of area under crops between regions is 
not very significant. The dryland acreage increases in Iowa in 1985 as 
compared to 1967. The total dryland under crops decreases in all other 
regions except the South Central and Southwest regions. The proportion 
of acreage under crops in all regions remains about the same. Even though 
there is no marked change in total dryland, the cropping pattern changes 
considerably. Considering dryland row crops, as shown in Figure 10, the 
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four regions--Atlantic, Iowa, North Central, and South Central--contribute 
to 89.2 percent of the total dryland row crops in 1985. 
The close-grown crops are concentrated in the North Central, South 
Central, and Great Plains regions and account for 85.1 percent of the 
national acreage in 1985 as shown in Figure 11. The Great Plains region 
has the highest concentration of close-grown crops in 1985 with 31.6 
percent. North Central and South Central regions have the next highest 
concentrations with 28.6 percent and 24.8 percent, respectively. The 
acreage under close-grown crops has decreased in all other regions in 
1985. The regional location of hay production is shown in Figure 12. 
Income and Production Patterns Resulting from 
Soil Loss Restrictions Applied in Iowa 
With the absence of any soil loss restrictions, about 2 billion tons 
of soil are carried from the cultivated lands of the country. The gross 
soil loss from Iowa is about 362 million tons per year. This section 
deals with the changes in production patterns, farming practices, income, 
and other related factors with the imposition of soil loss restrictions 
in Iowa. As the maximum allowable soil loss in Iowa is restricted to 5 
tons per acre (Model Bl) and 2.5 tons per acre (Model B2), the production 
and farming practices in Iowa undergo major changes. 
Model A indicates that, in the absence of any restrictions on maximum 
allowable soil loss, farmers mainly follow straight-row farming practices, 
and hence the soil loss would be excessive. Under the unrestricted alter-
native (Model A), 85.4 percent of the total cropped area is grown with 
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straight-row practices, resulting in 344 million tons of soil being lost 
from these lands alom, as evidenced in 1';1bles 11 and 12. As soil loss 
restrictions are imposed in Iowa, the farmers move to other farming prac-
tices which result in less erosion. Some of the land area taken out of 
production in Iowa is replaced by greater land use in other regions. As 
the farming practices and land usc> patterns are shifted, the average yields 
and cost of production in Iowa increase. 
Production patterns in Iowa 
With the imposition of 5-ton soil loss restriction in Iowa, but not 
in the rest of the nation, about 178 thousand acres are taken out of pro-
duction in the state. This land is taken mostly from corn and soybeans. 
Oats and sorghum are substituted for part of the reduced corn acreage as 
shown in Tables 13 and 14. The shifts in farming practices and dHferent 
concentration of production among land classes result in an increase in 
the average yield rates of corn and soybeans. Nevertheless, the corn 
production in Iowa decreases when a 5-ton soil loss limit is imposed in 
Iowa, compared to the base model. 
When the soil loss limit in Iowa is reduced to 2.5 tons per acre, 
Iowa corn acreage increases by 730 thousand acres as shown in Table 15, 
as compared to Model Bl where soil loss is restricted to 5 tons per acre 
in Iowa. This increase is brought about by a corresponding decrease in 
sorghum silage. The production of feed grains increases in Iowa as a 
result of the 2.5-ton restriction on soil loss as compared to the base 
model (Model A). This increase is mainly due to an increase in yield 
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Table ll. Acreages under conservation practices in Iowa with unre-
stricted soil loss limit and 1969-72 average exports in 
1985 (Model A).a 
Conventional Tillage Reduced Tillage 
Str. Contour S. Crop Str. Contour s. Crop 
Land Class Row Only Terrace Row Only Terrace 
(000 acres) 
Iowa 23,232 215 1 3,064 0 697 
I, II 14,940 212 0 2,237 0 0 
IIIE, IVE 6,839 0 1 827 0 697 
Other III, IV 6,453 3 0 0 0 0 
V-VIII 0 0 0 0 0 0 
a For all cultivated crops, including rotation hay. 
Table 12. Ero~. · .<1 under conservation practices in Iowa with tmrestricted 
so1l loss limit and 1969-72 average exports in 1985 (Model A).a 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour s. Crop 
Row Only Terrace 
------··---
--~uced Till~~-­
Str. Contour s. Crop 
Row Only Terrace 
---------
( 000 tons j 
344,164 1,579 9 10;106 0 5,511 
113,232 1,563 0 7 ,4T/ 0 0 
222,338 0 9 3,229 0 5,511 
8,595 16 0 0 0 0 
0 0 0 0 0 0 
a For all cultivated crops, including rotation hay. 
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Table 13. Acreage, production, and yjeld of crops in Iowa with unre-
stricted soil loss limit and 1969-72 average exports in 1985 
(Model A). 
---------------------·-······-······----.-------·····--------------------------------
Crop 
Corn grain 
Oats 
Sorghum grain 
Soybeans a 
Wheat 
Acreage 
(000 acres) 
10,243 
877 
466 
7,035 
336 
Production 
( 000 bu.) 
1,171,886 
65,564 
35,410 
127,113 
18,233 
aProduction of soybeans is in terms of oilmeal (cwt.). 
Yield 
(bu./acre) 
114.3 
74.3 
75.8 
38.3 
54.1 
Table 14. Acreage, prod,Jction, and yield of crops in Iowa with 5-ton 
maximum soil loss limit in Iowa and 1969-72 average exports 
in 1985 (Model Bl). 
Crop Acreage Production Yield 
(000 acres) (000 bu.) (bu./acre) 
Corn grain 10,008 1,162,384 116.1 
Oats 948 69,263 73.0 
Sorghum grain 466 35,410 75.8 
Soybeans a 6,922 129,486 39.6 
Wheat 336 18,290 54.3 
a Production of soybeans is in terms of oil meal (cwt.). 
Table 15. Acreage, production, and yield of crops in Iowa with 2.5-ton 
maximum soil loss limit in Iowa and 1969-72 average exports 
in 1985 (Model B2). 
Crop Acreage Production Yield 
(000 acres) (000 bu.) (bu./acre) 
Corn grain 10,973 1,305,815 118.9 
Oats 492 35,748 72.5 
Sorghum grain 465 34,903 74.9 
Soybeans a 7,140 136,813 40.6 
Wheat 336 18,984 56.3 
a Production of soybeans is in terms of oilmeal (cwt.). 
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rates as well as acreage under corn. The yield increases are brought 
about by better management practices which result in reduced soil loss 
per acre. Also, a greater proportion of corn and soybeans is shifted to 
the soil groups with minimum erosion hazards as soil loss limits are 
reduced from 5 tons to 2.5 tons per acre in Iowa. 
Farming practices in Iowa 
One of the important changes resulting from soil loss restrictions 
in Iowa is the change in farming practices. As stated earlier, in the 
absence of soil loss restrictions, farmers mainly follow straight-row 
practices and cause greater quantities of soil to be transported from 
agricultural lands. With the imposition of soil loss restrictions in 
Iowa, farming practices move towards more conservation practices as evi-
denced in Table 16. In the absence of soil loss restrictions in Iowa 
(Model A), there is no contouring with reduced tillage, and only a fraction 
of land is farmed under conventional tillage-contouring. With a soil 
loss limit of 5 tons in Iowa (Model Bl), numerous conservation practices 
are used as shown in Table 16. The conventional tillage straight-row 
farming accounts for 85.4 percent of the total cropped area in Iowa under 
the unrestricted alternative (Model A). Under Model Bl with a 5-ton soil 
loss limit per annum in Iowa, this reduces to 39 percent only. The reduced 
tillage practices account for only 13.8 percent of the total acreage in 
Iowa under Model A, compared to 37.4 percent under Model Bl. 
The shifts in farming practices are more pronounced in Model B2 as 
shown in Table 17. Under Model B2 with a 2. 5--ton soil loss 1 imi t per acre 
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Table 16. Acreages under conservation practices in Iowa with 5-ton 
maximum soil loss limit in Iowa and 1969-72 average exports 
in 1985 (Model Bl).a 
Conventional Tillage 
Str. Contour s. Crop 
Land Class Row Only Terrace 
(000 
Iowa 10,554 2,288 4,085 
I, II 6,211 1,974 1,582 
IIIE, IVE 3,756 0 2,486 
Other III, IV 587 314 66 
V-VIII 0 0 0 
Reduced Tillage 
Str. Contour s. Crop 
Row Only Terrace 
acres) 
6,111 3,294 697 
4,450 3,171 0 
1,172 123 697 
489 0 0 
0 0 0 
a for all cultivated crops, including rotation hay. 
Table 17. Acreages un.Jer conservation practices in Iowa with 2.5-ton 
maximum soil loss limit in Iowa and 1969-72 average exports 
in 1985 (Model B2).a 
Conventional Tillage 
Str. Contour s. Crop 
Land Class Row Only Terrace 
(000 
Iowa 4,487 4,156 7,098 
I, II 2,269 4,153 3,345 
IIIE, IVE 1,715 0 3,440 
Other III, IV 503 2 312 
V-VIII 0 0 0 
Reduced Tillage 
Str. Contour s. Crop 
Row Only Terrace 
acres) 
4,236 3,254 3,609 
2,237 2,213 3,171 
1,999 468 438 
0 572 0 
0 0 0 
a for all cultivated crops, including rotation hay. 
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in Iowa, acreage under straight-row pactices is reduced as compared to 
the 5-ton alternative. Acreage under reduced tillage-straight-row farming 
in Iowa is decreased with an increase in reduced tillage-strip cropping 
and terracing when the soil loss limit in Iowa is lowered from 5 tons per 
acre to 2.5 tons per acre. As a result of these shifts in farming prac-
tices, gross soil loss in Iowa decreases significantly under a 2.5-ton 
per acre limit on soil loss for each land group. 
Soil loss in Iowa 
The gross soil loss from the agricultural lands in Iowa is about 362 
million tons per year under the unrestricted alternative (Model A). With 
the imposition of the 5-ton soil loss restriction in Iowa, this is reduced 
to less than 108 million tons per year as shown in Table 18. Another fac-
tor besides the shift in farming practices contributing to the reduction 
in soil loss is the distribution of crops among the more erosive land 
classes IIIE and IVE. The proportion of these land classes farmed under 
straight-row practices decreases from 91.7 percent under the unrestricted 
alternative to 59.8 percent with the imposition of the 5-ton restriction 
in Iowa. About 33.8 percent of the gross soil loss in Iowa comes from 
land classes I and II under Model A, with no restriction on gross soil 
loss as compared to 69.5 percent under Model Bl, where gross soil loss 
is limited to 5 tons per acre in Iowa. Even though the proportion of gross 
soil loss from these land classes is more than doubled, the actual quantity 
of soil eroded from these land classes decreases. The most significant 
reduction in soil loss is observed on land classes IIIE and IVE. The 
72 
Table 18. Erosion under conservation practices in Iowa with 5-ton 
maximum soil loss limit in Iowa and 1969-72 average exports 
in 1985 (Model Bl).a 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour s. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour S. Crop 
Row Chly Terrace 
(000 tons) 
45,987 9,874 13,025 22,622 12,799 3,405 
30,996 8,829 5,823 17,017 12,272 0 
12,070 0 6,997 4,002 527 3,405 
2,921 1,035 206 1,603 0 0 
0 0 0 0 0 0 
a For all cultivated crops, including rotation hay. 
Table 19. Erosion under conservation practices in Iowa with 2.5-ton 
maximum soil loss limit in Iowa and 1969-72 average exports 
in 1985 (Model B2).a 
Conventional Tillage Reduced Tillage 
Str. Contour S. Crop Str. Contour S. Crop 
Land Class Row Only Terrace Row Only Terrace 
(000 tons) 
Iowa 10,567 10,306 13,664 10,419 6,555 8,619 
I, II 5,602 10,302 4, 793 5,512 4,759 7,633 
IIIE, IVE 3, 715 0 8,362 4,907 857 1,085 
Other III, IV 1,251 4 508 0 939 0 
V-VIII 0 0 0 0 0 0 
aFor all cultivated crops, including rotation hay. 
73 
soil loss from these land classes decreases from 231 million tons under 
the unrestricted alternative to 27 million tons under Model Bl. 
Under Model 82 and a 2.5-ton soil loss limit per acre in Iowa, the 
gross soil loss decreases to 60 million tons as shown in Table 19. Land 
classes I and II account for 64.2 percent of the gross soil loss in Iowa. 
But the actual quantity of soil loss from these land classes is much less 
than that of the other models. Soil loss from more erosive land classes 
IIIE and IVE decreases from 27 million tons under the 5-ton soil loss 
alternative to 19 million tons under Model 82. As a result of lowering 
the soil loss limit in Iowa from 5 tons to 2.5 tons per acre, the gross 
soil loss in the rest of the country increases by 81 million tons. This 
result comes about because of the increased use of more erosive lands in 
the rest of the country. This situation indicates that a reduction in 
gross soil loss in Iowa is more than offset by the increase in the rest 
of the countrv. 
Farm income and cost of production 
As a result of the soil loss restrictions in Iowa, but not in the 
rest of the nation, farm income in Iowa decreases and cost of production 
of crops increases. The rest of the country gains in the form of increased 
land values and farm income. With a 5-ton soil loss restriction in Iowa, 
the income to the farming sector in Iowa decreases from $2,043 million 
(Model A) to $1,991 million (Model Bl) as shown in Table 20. At the same 
time, farm income in the rest of the nation increases by $80 million. 
The marginal value product of land in Iowa decreases by 7.1 percent as 
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Table 20. Farm income and cost of production in Iowa and the rest of 
the country under different soil loss restrictions in Iowa 
and 1969-72 average exports in 1985. 
Land Class 
Iowa 
Cost of Production 
Crops 
Livestockd 
Farm Income 
Rest of the Country 
Cost of Production 
Crops 
Livestockd 
Farm Income 
6,136 
1,677 
4,459 
2,043 
50,587 
18,005 
32,582 
19,944 
aSoil loss level not restricted. 
($million) 
6,483 
1,756 
4,727 
1,991 
50,140 
17,906 
32,234 
20,024 
5,862 
1,812 
4,050 
1,927 
50,701 
17,892 
32,809 
20,039 
bsoi1 loss restricted to 5 tons per acre in Iowa. 
csoil loss restricted to 2.5 tons per acre in Iowa. 
dcost of production of livestock adjusted for the livestock wastes 
as a source of nitrogen. 
Table 21. Shadow price (rental vCJlue) of l:1nd by land class in Iowa 
under different soil lq~;s restriction!> .ir; lowa and 1969-72 
average exports in 1985. 
------~ 
Land Class A a Blb 
($/acre) 
Iowa 38.61 35.86 
I, II 44.26 42.40 
IIIE, IVE 30.67 25.77 
Other III, IV 16.69 14.46 
V-VIII o.oo o.oo 
asoil loss level not restricted. 
bsoil loss restricted to 5 tons per acre in Iowa. 
csoil loss restricted to 2.5 tons per acre in Iowa. 
B2c 
29.92 
38.80 
13.83 
12.10 
o.oo 
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shown in Table 21. The highest decrease in shadow price or imputed rent 
of land is on classes IIIE and IVE in Iowa, where the decrease averages 
about 16 percent. These land classes are more erosion prone as indicated 
by the soil erosion characteristic "E." This decrease in the imputed 
rent of land is entirely a short-run situation. In the long run, the 
productivity of land in Iowa would increase, because of irnproved conser-
vation practices. Hence, part of the land values might be increased 
relative to the rest of the country. The total cost of producing the crop 
output in the rest of the country decreases by $99 million with the 5-ton 
soil loss restriction in Iowa as compared to the unrestricted alternative. 
Increase in the machinery and labor costs accounts for about $20 million 
of the increased costs in Iowa. This increase in labor and machinery 
costs is largely attributed to the shifts in tillage and conservation 
practices which result in decreased soil loss. 
When the maximum allowable soil loss in Iowa is decreased to 2.5 tons 
per acre, income to the Iowa agricultural sector decreases to $1,927 
million as compared to $2,043 million under the unrestricted soil loss 
alternative. At the same time, the income to the farming sector in the 
rest of the country increases by $95 million, to $20,039 million as com-
pared to Model A. It is obvious that the rest of the country gains from 
the conservation laws imposed and practiced alone in Iowa. 
The total cost of production of crops in Iowa increases with the 
imposition of the 2.5-ton soil loss restriction in the state as compared 
to the 5-ton soil loss restriction. This increase is mainly due to the 
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shifts in farming practices. The machinery costs increase by $16 million, 
compared to Model Bl, and reflect the increased machinery input required 
for the soil conserving practices. At the same time, cost of production 
of livestock in Iowa decreases, due to the shift of fed beef out of Iowa. 
Under the imposition of conservation laws in Iowa alone, farming in 
the state has higher expenses and would be less profitable as compared 
to elsewhere. Farming practices to prevent soil loss cost more, and the 
resulting yield increases are not sufficient to offset the cost increases. 
Consumption, use, and prices of agricultural products 
The domestic consumption of agricultural products in Iowa remains the 
same for the three models: A, Bl, and B2. (The commodity consumption is 
exogenous to the models.) At the same time, yield rates increase, and the 
total production of some commodities also increases. As a result, food 
prices in Iowa decrease slightly as shown in Table 22. The use of crop 
commodities as an input to the livestock shows little change. Beef prices 
are higher because of the regional production bounds imposed on the produc-
tion of commodities as explained in Section II. These bounds restrict 
the production of beef in Iowa causing inefficiency and thereby increasing 
prices. With the imposition of soil loss restrictions in Iowa, the per 
capita cost of agricultural products increases in the rest of the country. 
Per acre soil loss is the major concern in this section. With the 
imposition of two different soil loss limits in Iowa, soil loss per acre 
decreases as indicated in Tables 23, 24, and 25. Even though per acre 
soil loss levels are at the two levels of 5 tons and 2.5 tons in Iowa, 
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Table 22. Shadow prices of agricultural commodities in Iowa under dif-
ferent soil·'"loss restrictions in Iowa and 1969-72 average ex-
ports in 1985. 
Commodity Unit A a Blb B2c 
( $) 
Corn Bushel l.ll 1.10 1.08 
Sorghum Bushel 1.46 1.46 1.44 
Barley Bushel 1.31 1.30 1. 29 
Oats Bushel 0.54 0.53 0.53 
Wheat Bushel 1.17 1.16 1.14 
Oilmeal Cwt. 3.70 3.66 3.54 
Beef Cwt. 63.51 63.09 63.00 
Pork Cwt. 37.15 37.05 36.64 
Milk Cwt. 6.08 6.05 6.04 
a Soil loss level not restricted. 
bSoil loss restricted to 5 tons per acre in Iowa. 
cSoil loss restricted to 2.5 tons per acre in Iowa. 
Table 23. Erosion per acre under conservation practices in Iowa with 
unrestricted soil loss limit in Iowa and 1969-72 average 
exports in 1985 (Model A).a 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour S. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour s. Crop 
Row Only Terrace 
(tons/acre) 
14.81 7.35 7.85 3.49 o.oo 7.90 
7.57 7.36 o.oo 3.34 o.oo o.oo 
32.50 o.oo 7.85 3.90 0.00 7.90 
5.91 6.22 o.oo 0.00 o.oo o.oo 
o.oo 0.00 o.oo o.oo o.oo o.oo 
a For all cultivated crops, including rotation hay. 
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Table 24. Erosion per acre under conservation practices in Iowa with 5-
ton maximum soil loss limit in Iowa and 1969-72 average exports 
in 1985 (Model Bl).a 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
----------·-----------------
Conventional Tillage 
Str. Contour s. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour s. Crop 
Row Only Terrace 
------·-· 
(tons/acre) 
4.27 4.31 3.18 3.70 3.88 4.88 
4.99 4.47 3.68 3.82 3.87 0.00 
3.20 o.oo 2.87 3.41 4.28 4.88 
4.97 3.29 3.12 3.27 o.oo o.oo 
o.oo o.oo o.oo o.oo o.oo o.oo 
a For all cultivated crops, including rotation hay. 
Table 25. Erosion per acre under conservation practices in Iowa with 2.5-
ton maximum soil loss limit in Iowa and 1969-72 average exports 
in 1985 (Model B2) .a 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour S. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour s. Crop 
Row Only Terrace 
(tons/acre) 
2.35 2.47 1.92 2.45 2.01 2.38 
2.46 2.48 1.43 2.46 2.15 2.ll 
2.16 0.00 2.43 2.45 1.83 2.47 
2.48 2.00 1.62 o.oo 1.61 0.00 
0.00 o.oo o.oo o.oo o.oo o.oo 
a For all cultivated crops, including rotation hay. 
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the actual state average of soil loss is less than the limit levels. The 
reason is, of course, that some land is level or, in other uses, it does 
not experience runoff. When all other land is restricted to either 5 tons 
or 2.5 tons per acre, the state average then is below the latter two 
figures. The reduction in soil loss is obtained by the use of soil con-
servation practices which limit erosion. The more highly erosive land 
classes V-VIII are used to a minimum under soil loss restrictions of 5 
and 2.5 tons per acre in Iowa. However, as export levels are increased 
in later models, some of the land on these classes is brought into crop 
production. For land group 9 as shown in Table 5, no crop management 
systems result in a soil loss of less than 5 tons per acre. Land in this 
land group is not brought into cultivation, even at 5-ton soil loss restric-
tion. In the following section, we deal with restrictions on the use of 
nitrogen and pesticides along with soil loss restrictions in Iowa. 
IV. TRADEOFFS AND IMPACTS UNDER RESTRICTIONS 
ON SOIL LOSS AND USE OF NITROGEN AND 
PESTICIDES IN IOWA 
In the previous section, only the effects of soil loss regulations 
in Iowa were analyzed. This section deals with a maximum allowable soil 
loss limit of 5 tons per acre in combination with restrictions on use of 
nitrogen and pesticides in Iowa. Model D limits soil loss to 5 tons per 
acre and requires that nitrogen be restricted to 100 pounds per acre in 
Iowa. In Model E, soil loss is restricted to 5 tons per acre, nitrogen 
to 100 pounds per acre, and pesticides to organophosphates and carbomates. 
As described previously, only the use of nitrogen from chemical 
fertilizers and livestock wastes is restricted in Model D. The crop 
sector in each consuming region is forced to use all livestock wastes as 
a source of nitrogen. Farmers are free to use rotations with soybeans 
and legume hay to augment the supply of nitrogen for crops. The produc-
tion of legume hay is bounded by an upper limit in each consuming region, 
which prevents overproduction of legume hay. Production of soybeans is 
also bounded by an upper limit in the soil conservancy districts of Iowa. 
Aside from these restrictions on legume hay and soybeans, farmers are 
free to use any crop management system. They also are free to purchase 
nitrogen fertilizers to supplement livestock wastes as a source of nitro-
gen. In Models D and E, the quantity of nitrogen that can be purchased 
or obtained from livestock wastes is restricted to 100 pounds per acre. 
Even for crop management systems which must use more than 100 pounds per 
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acre, the use is restricted to 100 pounds, and the yields are adjusted 
accordingly as described earlier. 
Income and Production Patterns Resulting from 
Restrictions on Soil Loss and Use of 
Chemicals in Iowa 
The benchmark model (Model A) uses about 712 thousand tons of nitrogen 
in Iowa. Of this, 348 thousand tons are obtained from livestock wastes. 
The remaining quantity is obtained from chemical fertilizers. 3 
Production patterns in Iowa 
As a result of the restrictions on use of nitrogen at 100 pounds 
and soil loss at 5 tons per acre in Iowa under Model D, the total cropped 
acreage in the state decreases by 542 thousand acres as compared to the 
unrestricted alternative. More than half of this reduction is on land 
classes IIIE and IVE, and the rest is on other III and IV lands. The 
total cropped area in Iowa on land classes I and II remains about the 
same. However, the more erosive and less productive land shifts greatly 
in amount and location as different restrictions are imposed. 
Under Model D, average Iowa yields decrease slightly, owing to the 
restriction on fertilizer use as shown in Table 26. Corn is grown mostly 
in rotation with legumes. As a result, the decrease in corn yield is not 
very large. The highest reduction is in oats where the average yield 
3The quantity of nitrogen supplied by legumes is not included in 
this, since the nitrogen supplied by these crops is accounted for in cal-
culating the nitrogen requirements of crop management systems. Only the 
net requirements of nitrogen fertilizer equivalent are entered into the 
interaction coefficients in the nitrogen balance restriction. 
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Table 26. Acreage,production and yield of crops in Iowa with 5-ton 
maximurr, soil loss limit, 100 pounds nitrogen in Iowa, and 
1969-72 average exports in 1985 (Model D). 
Crop 
Corn grain 
Oats 
Sorghum grain 
a Soybeans 
Wheat 
Acreage 
(000 acres) 
11' 320 
1,001 
443 
6,417 
298 
Production 
( 000 bu.) 
1,314,425 
71,314 
33,644 
120,447 
16,374 
aProduction of soybeans is in terms of oilmeal (cwt.). 
Yield 
(bu./acre) 
116.0 
fl • .~. 
75.8 
39.7 
54.9 
Table 27. Acreage, prod,:ction, and yield of crops in Iowa with 5-ton 
maximum soil loss limit, 100 pounds nitrogen, restricted 
pesticide use in Iowa, and 1969-72 average exports in 1985 
(Model E). 
Crop 
Corn grain 
Oats 
Sorghum grain 
Soybeans a 
Wheat 
Acreage 
(000 acres) 
10,032 
931 
466 
6,927 
336 
Production 
( 000 bu.) 
1,154,179 
68,243 
35,410 
129,535 
17,966 
aProduction of soybeans is in terms of oi1meal (cwt.). 
Yield 
(bu./acre) 
115.0 
73.2 
75.8 
39.6 
53.3 
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decreases from 73.0 bushels per acre with a 5-ton soil loss restriction 
to 71.1 bushels per acre under Model D. Part of the yield decrease from 
reduced fertilizer use is offset by shifts in farming practices. About 
80.2 percent of the corn in Model D is grown under contouring, strip 
cropping, and terracing. The corn acreage increases with the nitrogen 
limitation by about 1,300 thousand acres as compared to Model Bl where 
only soil loss is restricted to 5 tons per acre in Iowa. This increase 
more than offsets the reduction in yield. As a result, the total pro-
duction of corn in the state increases. Production of oats in the state 
increases by 3 percent, compared to Model Bl as acreage increases by 5.5 
percent to offset the reduction in yield rates. There is an increase 
in the yield rate of soybeans. 
With the additional restriction on the use of pesticides (Model E), 
corn acreage decreases from 11 million acres under Model D to 10 million 
acres under ModelE as shown in Table 27. Area under wheat, sorghum, 
and soybeans increases slightly. This increase, coupled with the large 
increase in hay, results in an increase in total area harvested. There 
are significant decreases in yield rates under Model E. Average state 
corn yields decrease to 115 bushels per acre under Model E, compared to 
116 bushels per acre under Model D. Similar decreases are observed for 
wheat, soybeans, and sorghum silage. Because of the reduction in yield 
rates, more acres have to be brought into production. The total area 
under crops increases under ModelE as compared to Model D. As a result, 
the shadow price or imputed rent of land increases in Iowa as shown in 
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Table 34. Most of the increase in area under crops comes from land 
classes III and IV. 
Farming practices and soil loss in Iowa 
Farming practices shift significantly with the restriction on use 
of nitrogen alone. The cropped area farmed under straight-row practices 
decreases under Model D as compared to Model Bl, where the 5-ton soil 
loss limit in Iowa is the only restriction. This reduction in area under 
straight-row farming, as shown in Table 28, results in a decrease of 20 
million tons of gross soil loss from straight-row cropped acres alone in 
Iowa as shown in Table 29. With both soil loss and fertilizer restrictions 
under Model D, the total cropped area in Iowa decreases by 364 thousand 
acres as compared to Model Bl which restricts only soil loss. This 
reduction comes entirely from land classes III and IV. 
The total cropped area under land classes I and II remains almost 
the same in Models D and E. A higher proportion of land classes IIIE and 
IVE is farmed under straight-row farming under Model E as compared to 
Model D. The total acreage under reduced tillage practices decreases to 
8,825 thousand acres under Model E, where soil loss and use of nitrogen 
and pesticides are restricted in Iowa as compared to the 9 million acres 
under Model D as shown in Table 30. Most of this decrease is attributed 
to the shift in farming practices on land classes IIIE and IVE. This 
shift partly reflects the per acre reduction of cost of production under 
Model E. Acreage under crops on other III and IV land classes also in-
creases under Model E as compared to Model D. As a result of these shifts, 
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Table 28. Acreages I•Dder conservation practices in Iowa with 5-ton max-
imum soil loss limit, 100 pounds nitrogen in Iowa, and 1969-72 
average exports in 1985 (Model D).a 
Land Class 
Iowa 
I' II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour S. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour S. Crop 
Row Only Terrace 
(000 acres) 
8,647 4,499 4,301 1,993 3,171 4,053 
7,158 4,187 1,583 1,289 3,171 0 
586 0 2, 717 704 0 4,053 
903 312 0 0 0 0 
0 0 0 0 0 0 
a For all cultivated crops, including rotation hay. 
Table 29. Erosion uDder conservation practices in Iowa with 5-ton maxi-
mum soil loss limit, 100 pounds nitrogen in Iowa, and 1969-72 
average exports in 1985 (Model D).a 
Conventional Tillage Reduced Tillage 
Str. Contour s. Crop Str. Contour S. Crop 
Land Class Row Only Terrace Row Only Terrace 
(000 tons) 
Iowa 41,159 17,097 13,626 7,9ll 12,272 20,256 
I, II 34,560 16,077 5,827 6,405 12,272 0 
IIIE, IVE 2,901 0 7,799 1,506 0 20,256 
Other III, IV 3,698 1,020 0 0 0 0 
V-VIII 0 0 0 0 0 0 
a For all cultivated crops, including rotation hay. 
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Table 30. Acreages i..i!lder conservation practices in Iowa with 5-ton m<Jx-
imum soil loss limit, 100 pounds nitrogen, restricted pesti-
cide use in Iowa, and 1969-72 average exports in 1985 (Model 
E) • a 
----------------------------------------------------·------------
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour s. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour S. Crop 
Row Only Terrace 
(000 acres) 
ll ,848 2,288 4,068 4,834 3,294 697 
7,572 1,974 1,582 3,089 3,171 0 
3,773 0 2,419 1,172 123 697 
503 314 67 573 0 0 
0 0 0 0 0 0 
a for all cultivated crops, including rotation hay. 
Table 31. Erosion under conservation practices in Iowa with 5-ton maxi-
mum soil loss limit, 100 pounds nitrogen, restricted pesticide 
use in Iowa, and 1969-72 average exports in 1985 (Model E).a 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour s. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour s. Crop 
Row Only Terrace 
(000 tons) 
48,409 9,874 12,978 21,286 12,799 3,465 
33,796 8,839 5,823 15,405 12,272 0 
12,103 0 6,249 4,002 527 3,465 
2,510 1,035 206 1,879 0 0 
0 0 0 0 0 0 
a for all cultivated crops, including rotation hay. 
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gross soil loss in Iowa decreases significantly as shown in Table 31. 
Use of nitrogen fertilizer in Iowa 
The total use of nitrogen by crops in Iowa under the unrestricted model 
is 712 thousand tons as shown in Table 32. This quantity includes only 
the amount of nitrogen from livestock wastes and chemical fertilizers 
purchased. It does not include the amount of nitrogen supplied by legume 
crops. If all crops were grown in legume rotations, very little chemical 
nitrogen would need to be applied to attain high yields. However, in all 
the models, production of legumes is restricted by an upper bound. About 
half the total nitrogen used by crops is obtained from livestock wastes 
under the unrestricted model (Model A). Under Model Bl, which is more 
comparable to Model D because of the 5-ton soil loss restriction in Iowa, 
the total quantity of nitrogen used by crops is 704 thousand tons. About 
51.1 percent of it is obtained from livestock wastes. But 345 thousand 
tons of nitrogen from chemical fertilizers still have to be applied under 
Model Bl. The per acre application of nitrogen in Iowa decreases from 
60.4 pounds under Model A to 60.2 pounds under Model Bl, a relatively 
insignificant reduction, since the only restriction under Model Bl is 
on soil loss per acre in Iowa. 
With the imposition of limits on application of nitrogen in Model D, 
the total quantity of nitrogen used by crops decreases to 637 thousand 
tons, about a 10.5 percent decrease from Model A. The decrease in the 
quantity of nitrogen from chemical fertilizers purchased is even more 
significant. The purchased component of the nitrogen decreases to 293 
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Table 32. Use of nitrogen for crops in Iowa under different environ-
mental restrictions in Iowa and 1969-72 average exports in 
1985. 
(000 tons) 
N used by ,:rops 712 704 637 509 
N from livestock 348 359 345 359 
N purchased 364 344 293 150 
N used per acre e 60.4 60.2 51.5 43.4 
(lbs./acre) 
--------------------
aSoil loss level not restricted. 
bSoil loss restricted to 5 tons per acre in Iowa. 
cSoil loss restricted to 5 tons and nitrogen to 100 pounds per 
acre in Iowa. 
dSoil loss restricted to 5 tons and nitrogen to 100 pounds per 
acre with restricted use of pesticides in Iowa. 
e Includes row crops and close-grown crops only. 
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thousand tons, a decrease of 19.5 percent compared to Model A. Since the 
total production requirements of all the models (Models A, Bl, and D) 
are about the same, it is evident that most of the crops under Model D 
are grown in rotation with legume crops with supplementary nitrogen fer-
tilizer. This is reflected in the per acre application of nitrogen. 
Even though the quantity of total nitrogen from chemical fertilizers 
decreases only by 10.5 percent, the per acre application decreases by 
14.7 percent as compared to Model A. The quantity of nitrogen supplied 
by the livestock wastes remains about the same in all the models (349, 
359, and 345 thousand tons under Models A, Bl, and D, respectively). 
The use of nitrogen fertilizer further decreases under Model E where 
use of pesticides is also restricted. The total quantity of nitrogen 
applied decreases to 509 thousand tons under Model E, and only about 29.5 
percent of this is obtained from chemical fertilizers. The nitrogen fer-
tilizer applied per acre under Model E decreases to 43.4 pounds as compared 
to 51.5 pounds under Model D. 
Farm income and cost of production 
As a result of the imposition of restrictions on use of nitrogen and 
pesticides in Iowa, income of the farming sector in Iowa is adversely 
affected. As already stated, the cost of producing crops in Iowa decreases 
as a result of the environmental restrictions. But the reduction in yield 
rates and production is relatively greater than the cost reductions. The 
net result is a reduction in the income of the farming sector in Iowa 
as shown in Table 33. Farm income in Iowa decreases from $2,043 million 
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Table 33. Farm income and cost of production in Iowa and the rest of 
the country under different environmental restrictions in 
Iowa and 1969-72 average exports in 1985. 
Iowa 
Cost of Production 
Crops 
Livestockd 
Farm Income 
Rest of the Country 
Cost of Production 
Crops 
Livestockd 
Farm Income 
6,136 
1,677 
4,459 
2,043 
50,587 
18,005 
32,582 
19,944 
aSoil loss level not restricted. 
( $ million) 
6,191 
1,813 
4,378 
1,940 
50,747 
17,944 
32,803 
20,697 
6,468 
1, 741 
4,727 
1,910 
50,182 
17,921 
32,261 
20,116 
bSoil loss restricted to 5 tons and nitrogen to 100 pounds per 
acre in Iowa. 
cSoil loss restricted to 5 tons and nitrogen to 100 pounds per 
acre with restricted use of pesticides in Iowa 
d Cost of production of livestock adjusted for the livestock wastes 
as a source of nitrogen. 
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under the unrestricted alternative to $1,940 million under Model D. 
At the same time, income from farming in the rest of the country increases 
to $20,697 million as compared to $19,944 million under Model A. The net 
effect of the improved land use and environmental quailty restrictions 
enacted and practiced in Iowa alone is a cost of $103 million to Iowa 
farmers and a gain of $753 million to farmers elsewhere in the nation. 
The reduction in the income of Iowa farmers is even greater with the impo-
sition of restrictions on the use of chemical pesticides, along with 
soil loss restrictions and limitations on use of nitrogen in Iowa (Model 
E). The reduction is to $1,910 million under ModelE as compared to 
$2,043 million under the unrestricted alternative. At the same time, 
the increase in income of the agricultural sector in the rest of the 
country is $172 million as compared to the $133 million reduction in the 
income of Iowa farmers as a result of the environmental restrictions im-
posed in Iowa under Model E. 
The decrease in income of Iowa farmers and the value of land indicates 
that farming in Iowa becomes less and less profitable with the imposition 
of environmental restrictions in Iowa alone. The reduction in the imputed 
rent of marginal, less productive, and more erosion prone lands is more 
significant (Table 34). The per acre soil loss is shown in Tables 35 and 
36. The net effects of the environmental restrictions imposed in Iowa 
can be summarized as reduction in land values, farm incomes in Iowa, and 
reduced levels of soil loss and water pollution. 
In the following section, various effects of expanded exports and 
high prices, along with different environmental restrictions imposed in the 
soil conservancy districts of Iowa, will be discussed. 
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Table 34. Shadow price (rental value) of land by land class in Iowa 
under different environmental restrictions in Iowa and 1969-
72 average exports in 1985. 
Land Class 
($/acre) 
Iowa 38.61 25.28 36.21 
I, II 44.26 31.81 42.63 
IIIE, IVE 30.67 13.97 26.29 
Other III, IV 16.69 6.91 15.35 
V-VIII o.oo o.oo o.oo 
aSoil loss level not restricted. 
bSoil loss restricted to 5 tons and nitrogen to 100 pounds per acre 
in Iowa. 
cSoil loss restricted to 5 tons and nitrogen to 100 pounds per acre 
with restricted use of pesticides in Iowa. 
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Table 35. Erosion per acre under conservation practices in Iowa with 
5-ton maximum soil loss limit, 100 pounds nitrogen in Iowa, 
and 1969-72 average exports in 1985 (Model D).a 
Land Class 
Iowa 
I, I1 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour S. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour S. Crop 
Row Only Terrace 
(tons/acre) 
4.76 3.80 3.17 3.97 3.87 4.99 
4.83 3.85 3.68 4.97 3.87 o.oo 
4.95 o.oo 2.87 2.14 o.oo 4.99 
4.09 3.27 o.oo o.oo o.oo 0.00 
o.oo o.oo 0.00 o.oo o.oo 0.00 
a For all cultivated crops, including rotation hay. 
Table 36. Erosion per acre under conservation practices in Iowa with 
5-ton maximum soil loss limit, 100 pounds nitrogen, restricted 
pesticide use in Iowa, and 1969-72 average exports in 1985 
(Model E). a 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour s. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour s. Crop 
Row Only Terrace 
(tons/acre) 
4.08 4.31 3.19 4.40 3.88 4.88 
4.46 4.47 3.67 4.98 3.86 o.oo 
3.20 o.oo 2.87 3.41 4.27 4.88 
4.99 3.29 3.ll 3.28 o.oo o.oo 
o.oo o.oo o.oo o.oo o.oo o.oo 
a For all cultivated crops, including rotation hay. 
V. ENVIRONMENTAL RESTRICTIONS IN IOWA 
AND IMPACTS OF EXPANDED EXPORTS 
The impacts of various environmental restrictions in Iowa with 
normal prices and 1969-72 average exports were discussed in the previous 
sections. The effects of increased exports and high prices will be ana-
lyzed in this section. Model C deals with very high exports and the 5-
ton soil loss limit in Iowa. Additional restrictions on use of nitrogen 
and pesticides are incorporated in Model F. The third and fourth models 
deal with a medium level of exports and high prices. No enviornmental 
restrictions are considered in the third model (Model Gl). The only 
restrictions in this model are that the production of soybeans and legumes 
are bounded by an upper limit. The fourth model (Model G2) is similar 
to Model Gl but has added environmental restrictions in Iowa. The price 
levels and domestic demand are held at the same level in all four models. 
Production Patterns with High Export 
Levels and Soil Loss Limits in Iowa 
(Model C) 
Model C uses very high export levels as shown in Table 4. As a result, 
domestic prices of agricultural commodities also are high. Hence, per 
capita domestic demand quantities are lower than in previous models (A, 
Bl, B2, D, and E). The export levels under Models C and Fare high enough 
to fully employ the cropland capacity of the United States. Over 95.6 
percent of the total available land in the country is used for crops in 
Models C and F. 
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Land use patterns 
Very little surplus land remains under Model C. The quantity of unused 
"cropable" land in the country decreases to 15 million acres (a decrease 
of 76.6 percent compared to Model A with 1969-72 average exports). Crops 
on classes I and II increase to 188 million acres under Model C, as shown 
in Table 37, as compared to 183 million under Model A, even though the 
proportion of these land classes decreases. This reduction in the con-
tribution of these lands is expected, since most of this land is utilized 
under Model A. There is about a 36 percent increase under land classes 
III and IV, resulting in a proportion of 18.9 percent of the total land 
used. Similar increase is seen in land classes V-VIII. Area under row 
crops and close-grown crops increas.es under Model C as compared to Model 
A. Area under all hay decreases at the same time. 
Land under row and close-grown crops increases by about 19 million 
acres under Model C with high exports as compared to Model A with 1969-72 
average exports. Over 5 million acres of this increase comes from the 
land that is idled under the base model (Model A) and the rest from all 
hay. Though the total area under row crops on classes I and II land in-
creases, the contribution of these lands decreases to 62.1 percent under 
Model C against 68.5 percent under Model A. This reduction in the pro-
portion of these land classes is more than compensated by classes III 
and IV. The contribution of high quality land (classes I and II) to row 
and close-grown crops increases from 81.9 percent under Model A to 89.4 
percent under Model C. In other words, the crop products whose export 
levels were expanded shift to high quality land. 
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Table 37. Dryland acreages in major zones with 5-ton soil loss limit 
in Iowa and high exports in 1985 (Model c). 
Zone and Close All b Land Class Row Grown Hay a Pasture Other Total 
(000 acres) 
Iowa 26,661 377 987 5,245 3 33,273 
I, II 17,132 117 230 0 2 17,481 
IIIE, IVE 8,064 244 723 0 1 9,032 
Other III, IV 1,457 15 30 0 0 1,502 
V-VIII 8 1 4 0 0 13 
Atlantic 26,724 2,726 4,188 47,899 1,785 83,322 
I, II 17,003 1,237 1,439 0 369 20,048 
IIIE, IVE 3,743 1,174 1,737 0 152 6,806 
Other III, IV 5,873 304 997 0 1,104 8,278 
V-VIII 105 11 15 0 160 291 
North Central 87,366 19,851 10,149 47,990 255 165,611 
I, II 66,192 11,563 4,443 0 87 82,285 
IIIE, IVE 10,901 3,411 3,541 0 66 17,919 
Other III, IV 10,146 4,693 1,633 0 79 16,551 
V-VIII 127 184 532 0 23 866 
South Central 53,154 21,215 9,914 172,234 1,297 257,814 
I, II 25,209 8,703 2,346 0 688 36,946 
IIIE, IVE 10,934 8,857 4,679 0 551 25,021 
Other III, IV 16,974 3,397 2,542 0 30 22,944 
V-VIII 36 258 347 0 28 669 
Great Plains 13,733 28,745 14,656 190,184 4,019 251,337 
I, II 7,674 8,420 7,853 0 1,029 24,976 
IIIE, IVE 4,544 14,606 4,601 0 2,167 25,918 
Other III, IV 1,477 5,349 1,228 0 647 8,701 
V-VIII 38 370 974 0 176 1,558 
Northwest 282 7,645 2,121 48,243 199 58,490 
I, II 64 1,039 771 0 36 1,910 
IIIE, IVE 104 4,791 607 0 95 5,597 
Other III, IV 69 1,804 720 0 55 2,648 
V-VIII 45 11 23 0 13 92 
Southwest 10,955 2,777 808 123,697 277 138,514 
I, II 2,960 796 82 0 107 3,945 
IIIE, IVE 3,963 868 505 0 72 5,408 
Other III, IV 3,758 929 221 0 89 4,997 
V-VIII 274 184 0 0 9 467 
United States 218,875 83,336 42,823 635,492 7,835 988,361 
I, II 136,234 31,875 17,164 0 2,318 187,591 
IIIE, IVE 42,253 33,951 16,393 0 3,104 95,701 
Other III, IV 39,755 16,491 7,371 0 2,004 65,621 
V-VIII 633 1,019 1,895 0 409 3,956 
~Including other hay and cropland pasture. 
Summer fallow lands and orchards and vineyards. 
97 
The irrigated area under crops in the country increases by about 
1 million acres as shown in Table 38. All of this increase goes into 
row crops. In addition to this increase, some of the land is shifted 
from close-grown crops and all hay to row crops. As a result, the total 
irrigated area ~nder row crops increases by more than 2 million acres 
under Model C as compared to Model A. About 60.2 percent of the total 
irrigated land, excluding pasture, is on classes I and II. 
Regional land use patterns 
The dryland acreages increase in all regions under Model C as compared 
to Model A. The regional distribution of row crops is shown in Figure 13. 
In Iowa the increase is about 711 thousand acres. The highest increase 
is in the North Central region with over 16 million acres. The next highest 
increase is in the Atlantic region. The close-grown crops are concentrated 
somewhat more heavily in the three regions; namely, North Central, South 
Central, and Great Plains as shown in Figure 14. Irrigated land increases 
in all regions under Model C as compared to Model A with 1969-62 average 
exports. The proportional contribution of all the regions more or less 
remains the same. The regional distribution of all hay is shown in Figure 15. 
Income and Production Patterns Resulting from 
Restrictions on Soil Loss and Use of 
Chemicals in Iowa and High Export Levels 
Models C and F deal with high exports as well as various environmental 
restrictions. Model C is similar to Model Bl, except for the high export 
levels of the former. Model F is much the same as Model C but has the 
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Table 38. Irrigated acreages in major zones with 5-ton soil loss limit 
in Iowa and high exports in 1985 (Model c). 
__ . _______ , ____________ 
Zone and Close All b Land Class Row Grown Hay a Pasture Other Total 
(000 acres) 
Iowa 12 0 23 0 0 35 
I, II 12 0 10 0 0 22 
IIIE, IVE 0 0 2 0 0 2 
other III, IV 0 0 11 0 0 11 
V-VIII 0 0 0 0 0 0 
Atlantic 0 0 0 0 0 0 
I, II 0 0 0 0 0 0 
IIIE, IVE 0 0 0 0 0 0 
Other III, IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 0 0 443 0 0 443 
I, II 0 0 336 0 0 336 
IIIE, IVE 0 0 2 0 0 2 
Other III, IV 0 0 105 0 0 105 
V-VIII 0 0 0 0 0 0 
South Central 2,462 600 178 198 87 3,525 
I, II 1,418 255 134 0 86 1,893 
IIIE, IVE 270 31 42 0 1 344 
Other III, IV 774 313 2 0 0 1,089 
V-VIII 0 1 0 0 0 1 
Great Plains 5,609 1,130 2,163 5,394 214 14,510 
I, II 4,254 654 1,398 0 11 6,317 
IIIE, IVE 916 246 301 0 199 1,662 
other III, IV 431 227 457 0 3 1,118 
V-VIII 8 3 7 0 1 19 
Northwest 1,901 1, 773 2,975 2,366 680 9,695 
I, II 1,199 621 1,299 0 395 3,514 
IIIE, IVE 345 338 469 0 108 1,260 
Other III, IV 345 763 1,114 0 164 2,386 
V-VIII 12 51 93 0 13 169 
Southwest 3,910 991 763 1,545 817 8,026 
I, II 2,793 157 479 0 449 3,878 
IIIE, IVE 180 102 179 0 93 554 
Other III, IV 934 732 105 0 264 2,035 
V-VIII 3 0 0 0 11 14 
United States 13,894 4,494 6,545 9,503 1,798 36,234 
I, II 9,676 1,687 3,656 0 941 15,960 
IIIE, IVE 1, 711 717 995 0 401 3,824 
Other III, IV 2,484 2,035 1, 794 0 431 6,744 
V-VIII 23 55 100 0 25 203 
~Including other hay and cropland pasture. 
Summer fallow lands and orchards and vineyards. 
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use of nitrogen restricted to 100 pounds per acre and pesticides limited 
to organophosphates and carbomates in Iowa (but not elsewhere in the 
nation). 
Production patterns in low~ 
With high exports, the production of food grains in Iowa increases 
significantly. The production of corn increases to 2,309 million bushels 
as sho~1 in Table 39, under Model C, as compared to only 1,172 million 
bushels under Model A. With the imposition of restrictions on use of 
nitrogen and pesticides in Iowa under Model F, acreage under corn decreases 
by 2 million acres as shown in Table 40. However, under Model F, soybean 
acreage increases as compared to Model C. This increase in soybean acre-
age is necessary because of the restriction on use of nitrogen fertilizer. 
More acres are brought into cultivation in Iowa under Model F as compared 
to Model C. This increase in area is required to compensate for the yield 
decreases resulted from limited use of nitrogen and pesticides. A sig-
nificant decrease in the state corn yield occurs under Model F. Corn 
yield as an average for Iowa drops from 114.6 bushels per acre under Model 
C to 110.7 bushels under Model F. 
The increase in cropped land in Iowa to meet the increased demand 
under high exports has to come from the less productive land, classes 
III-VIII. Of the 890 thousand additional acres brought into production 
under Model C as compared to Model Bl, 831 thousand acres come from classes 
IIIE and IVE, 48 thousand from other III and IV, 11 thousand acres from 
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Table 39. Acreage, production, and yield of crops in Iowa with 5-ton 
maximum soil loss limit in Iowa and high exportsa in 1905 
(Model C). 
Crop 
Corn grain 
Oats 
Sorghum grain 
b Soybeans 
Wheat 
Acreage 
(000 acres) 
20' 135 
37 
465 
4,263 
336 
Production Yield 
( 000 bu.} (bu./acre) 
2,309,132 114.6 
2,100 57.0 
37,298 58.6 
80,211 39.8 
17 '755 52.7 
aHigh exports are defined such that the entire land base in the United 
States is effectively utilized. 
bProduction of soybeans is in terms of oilmeal (cwt.). 
Table 40. Acreage, production, and yield of crops in Iowa with 5-ton 
maximum soil 1oss limit, 100 pounds nitrogen, restricted 
pesticide use in Iowa, and high exportsa in 1985 (Model F). 
Crop 
Corn grain 
Oats 
Sorgh• nn grain 
b Soybeans 
Wheat 
Acreage 
(000 acres) 
17,658 
106 
454 
6,832 
336 
Production Yield 
(000 bu.) (bu./acre) 
1,954,755 110.7 
6,756 63.1 
25,680 56.5 
129,723 40.2 
18,500 54.9 
aHigh exports are defined such that the entire land base in the United 
3tates is effectively utilized. 
bProduction of soybeans is in terms of oilmeal (cwt.). 
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V-VIII, and none from classes I and II. Iowa average yields thus decline 
as shown in Table 39. While yield increases could be obtained from bet-
ter farming practices, they are offset by lower yields on less productive 
land. 
Farming practices in Iowa 
There are significant shifts in farming practices in Iowa under Model 
C with high exports and restirctions on soil loss in Iowa only. These 
shifts are mainly towards strip cropping and terracing since: (1) soil 
loss per acre under these practices is less and (2) yields are higher 
under these practices. Total area under straight-row practices decreases 
to 15 million acres under Model C as shown in Table 41, compared to 26 
million acres under Model A with 1969-72 average exports and no restric-
tions on soil loss. The restriction of a 5-ton maximum soil loss could 
have been satisfied with more area under straight-row farming, as evi-
denced under Model Bl where soil loss is restricted to 5 tons per acre in 
Iowa. But the need to produce more for higher exports under Model C 
shifts land to strip cropping and terracing. The relatively less produc-
tive classes IIIE and IVE shift towards strip cropping under Model C as 
compared to Models A and Bl. Only 11 thousand acres are farmed on 
classes V-VIII under Model C because these lands are more erosion prone, 
and relatively few crop management systems can reduce soil loss to 5 tons 
per acre. 
The shifts in farming practices under Model F with limits on soil 
loss and use of nitrogen and pesticides in Iowa are even more drastic. 
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Table 41. Acreages under conservation practices in Iowa with 5-ton max-
imum soil loss limit in Iowa and high exportsa in 1985 (Model C).b 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour S. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour s. Crop 
Row Only Terrace 
(000 acres) 
6,917 353 7,687 7,680 3,343 1,939 
6,210 353 1,539 6,073 3,214 0 
187 0 6,082 704 123 1,939 
540 0 66 898 0 0 
0 0 0 5 6 0 
aHigh exports are defined such that the entire land base ln the United 
States is effectively utilized. 
bFor all cultivated crops, including rotation hay. 
Table 42. Acreages under conservation practices in Iowa with 5-ton max-
imum soil loss, 100 pounds nitrogen, restricted pesticide use 
in Iowa, and high exportsa in 1985 (Model F).b 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour s. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour S. Crop 
Row Only Terrace 
(000 acres) 
8,553 2,048 4,264 4,192 4,988 3,979 
7,571 1,763 0 3,301 4,753 0 
431 0 4,198 284 123 3,979 
551 285 66 602 0 0 
0 0 0 5 112 0 
aHigh exports are defined such that the entire land base in the United 
States is effectively utilized. 
bFor all cultivated crops, including rotation hay. 
106 
The total area farmed under straight-row farming decreases by 2 million 
acres under Model F, as shown in Table 42, from the 15 million acres 
under Model C. At the same time, area under contouring increases as 
compared to· Model C. The additional 105 thousand acres brought into 
production in Iowa under Model F come from classes V-VIII. (Land avail-
able in other classes is already exhausted.) The entire 105 thousand 
acres are farmed under contouring. Cropped land on classes IIIE and IVE 
farmed under reduced tillage practices increases under Model F as compared 
to Model C. These shifts in farming practices contribute, to some extent, 
to the increase in some of the yield rates in Iowa. 
Soil loss in Iowa 
The gross soil loss from the agricultural lands of Iowa under Model 
C is 108 million tons per year. This is the same as the gross soil loss 
under Model Bl with its lower export levels. But Model C has a higher 
land base, and the per acre soil loss is less than that under Models A 
and Bl. Gross soil loss in Iowa increases to 113 million tons per year 
under Model F, as shown in Table 44, from 108 million tons under Model C. 
This increase is due partly to the fact that more of the highly erosive 
land is brought into production under Model F with its high export levels. 
Another reason is that less area is farmed under strip cropping and ter-
racing and more under contouring. There is no significant change in the 
distribution of soil loss among land classes (except in the case of 
classes V-VIII) between Model C and Model F. However, gross soil loss 
on land classes V-VIII increases from 36 thousand tons under Model C 
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Table 43. Erosion under conservation practices in Iowa with 5-ton max-
imum soil loss limit in Iowa and high exportsa in 1985 (Model 
c) .t 
Conventional Tillage 
Str. Contour s. Crop 
Land Class Row Only Terrace 
(000 
Iowa 33,790 1,423 22,025 
I, II 30,843 1,423 4,847 
IIIE, IVE 336 0 17,002 
Other III, IV 2,611 0 176 
V-VIII 0 0 0 
Reduced TilL1ge 
Str. Contour s. Crop 
Row Only Terrace 
tons) 
30,291 11,038 9,685 
25 '761 10,486 0 
1,506 527 9,685 
3,016 0 0 
7 29 0 
aHigh exports are defined such that the entire land base in the United 
States is effectively utilized. 
bFor all cultivated crops, including rotation hay. 
Table 44. Erosion under conservation practices in Iowa with 5-ton max-
imum soil loss limit, 100 pounds nitrogen, restricted ~esti­
cide use in Iowa, and high exportsa in 1985 (Model F). 
Conventional Tillage Reduced Tillage 
Str. Contour S. Crop 
Land Class Row Only Terrace 
Str. Contour s. Crop 
Row Only Terrace 
(000 tons) 
Iowa 39,464 8,217 11,771 19,517 19,731 14,161 
I' II 35,056 7,285 0 16,480 18,648 0 
IIIE, IVE 1,822 0 ll ,595 1,037 527 14,161 
Other III, IV 2,586 932 176 1,992 0 0 
V-VIII 0 0 0 8 556 0 
-------------------------------------------------------
aHigh exports are defined such that the entire land base in the United 
States is effectively utilized. 
bFor all cultivated crops, including rotation hay. 
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to 563 tousand tons under Model F. This increase can be attributed 
completely to the increase in acreage on these land classes. 
Use of nitrogen fertilizer in Iowa 
Heavy doses of fertilizer are required to achieve the high demand 
requirements as shown in Table 45. The use of nitrogen under Model C 
with its high export levels is more than twice the use under Model A 
with 1969-72 average export levels. Use of nitrogen is not restricted 
in Model C with high exports. As a result, nitrogen used for all crops 
increases to 1,449 thousand tons as compared to only 712 thousand tons 
under Model A. Moreover, demand for livestock products decreases under 
Model C as feed prices are increased through high exports. Thus, the 
production of livestock decreases under Model C, and the nitrogen obtained 
from livestock wastes also decreases. Nitrogen from livestock wastes 
is only 137 thousand tons under Model C as compared to 348 thousand tons 
under Model A. The quantity of nitrogen from chemical fertilizers in-
creases by 260.4 percent in Model C over Model A. The quantity of nitro-
gen applied per acre increases from 60.4 pounds under Model A to 107.2 
pounds under Model C. Since these are only the average applications, 
the actual quantities of nitrogen applied would be substantially higher 
than 100 pounds on much land. 
Under Model F, use of nitrogen is restricted to 100 pounds per acre. 
As a result, the total quantity used decreases to 1,083 thousand tons in 
Iowa (about a 25.3 percent reduction as compared to Model C). Quantity 
of nitrogen from chemical fertilizers decreases from 1,312 thousand tons 
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Table 45. Use of nitrogen for crops in Iowa under different environ-
mental restrictions in Iowa and different export levels in 
1985. 
A a cb Fe Gld G2e 
(000 tons) 
N used by crops 712 1,449 1,083 959 799 
N from livestock 348 137 138 280 271 
N purchased 364 1,312 945 679 528 
N used per acre f 60.4 107.2 80.0 74.1 62.8 
(lbs./acre) 
aSoil loss level not restricted. Exports at 1969-72 average level. 
bSoil loss restricted to 5 tons per acre in Iowa and with high ex-
ports. 
cSoil loss restricted to 5 tons, nitrogen to 100 pounds per acre 
with restricted use of pesticides in Iowa and with high exports. 
dSoil loss level not restricted and with medium exports. 
eSoil loss restricted to 5 tons, nitrogen to 100 pounds per acre 
with restricted use of pesticides in Iowa and with medium exports. 
f Includes row crops and close-grown crops only. 
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under Model C to 945 thousand tons under Model F. This quantity is 
substantially higher as compared to Model A with normal exports. Nitro-
gen applied per acre decreases from 107.2 pounds per acre under Model C, 
where soil loss limit is the only restriction, to 80 pounds under Model 
F, where use of nitrogen also is restricted in Iowa. 
Imputed land values under high exports 
Increased export demands put pressure on the land resources in both 
Iowa and the rest of the country. This pressure is reflected in land 
values and shadow prices as shown in Table 46. The shadow price of land 
in Iowa increases to $175.81 per acre under Model C and to $177.95 under 
Model F, with high export levels, as compared to $38.61 under Model A 
with 1969-72 average export levels. The increase in shadow prices of 
land can be attributed to much greater exports as well as increased land 
requirements to compensate for the reduction in yields from reduced nitro-
gen and pesticide use. 
Fam income and cost of production 
The cost of production of crops in Iowa increases by 38.6 percent 
from Model A to $2,324 million under Model Cas shown in Table 47. At 
the same time, cost of production of crops in the rest of the country 
increases by 44.5 percent under Model C as compared to Model A. For the 
rest of the country, the greater cost results from supplying the greater 
outputs to allow enlarged exports. Cost of production of livestock de-
creases to $3,162 million in Iowa and increases to $43,526 million in 
111 
Table 46. Shadow price (rental value) of land by land class in Iowa 
under different environmental restrictions in Iowa and 
different export levels in 1985. 
Class A a cb Fe Gld G2e 
($/acre) 
Iowa 38.61 175.81 177.95 41.60 34.51 
I, II 44.26 195.65 199.78 48.24 44.06 
IIIE, IVE 30.67 147.01 148.12 30.38 18.05 
Other III, IV 16.69 120.21 177.74 17.18 ll.92 
V-VIII 0.00 21.76 25.01 o.oo o.oo 
aSoil loss level not restricted. Exports at 1969-72 average level. 
bSoil loss restricted to 5 tons per acre in Iowa and with high ex-
ports. 
cSoil loss restricted to 5 tons, nitrogen to 100 pounds per acre 
with restricted use of pesticides in Iowa and high exports. 
dSoil loss level not restricted and with medium exports. 
eSoil loss restricted to 5 tons, nitrogen to 100 pounds per acre 
with restricted use of pesticides in Iowa and medium exports. 
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Table 47. Farm income and cost of production in Iowa and the rest of 
the country under different environmental restrictions in 
Iowa and different export levels in 1985. 
Iowa 
Cost of production 
Crops 
Livestockf 
Farm Income 
Rest of the Country 
Cost of Production 
Crops 
Livestockf 
Farm Income 
6,136 
1,677 
4,459 
2,043 
50,587 
18,005 
32,582 
19,944 
5,486 
2,324 
3,162 
5,422 
69,551 
26,026 
43,526 
44,902 
($million) 
5,344 
2,070 
3,274 
5,313 
71,510 
26,308 
45,202 
49,344 
5,866 
1,898 
3,968 
1,716 
46,474 
19,370 
27' 104 
14,743 
5,653 
1,919 
3,734 
1 '712 
46,926 
19,439 
27' 487 
14,942 
aSoil loss level not restricted. Exports at 1969-72 average level. 
bSoil loss restricted to 5 tons per acre in Iowa and with high ex-
ports. 
cSoil loss restricted to 5 tons, nitrogen to 100 pounds per acre 
with restricted use of pesticides in Iowa and high exports. 
dSoil loss level not restricted and with medium exports. 
eSoil loss restricted to 5 tons, nitrogen to 100 pounds per acre 
with restricted use of pesticides in Iowa and with medium exports. 
fCost of production of livestock adjusted for the livestock wastes 
as a source of nitrogen. 
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the rest of the country. This increase stems especially from higher feed 
grain prices. Also, domestic demand for livestock products is much less 
under Model F than that under Model A. The production of livestock com-
modities decreases substantially in Iowa, and the state reduces exports 
of these commodities to other regions in the country. As compared to 
conditions without soil loss and restrictions on use of nitrogen and 
pesticides in Iowa, the state declines in importance of livestock produc-
tion when it alone implements restrictions on sedimentation and input use. 
This change in production away from Iowa to other states is especially 
great under the high export levels. 
Because of much larger exports (Models C and F as compared to Models 
A, Bl, and E), farm income in Iowa and the rest of the country increases 
greatly. Most of this can be attributed to increase in the imputed value 
of land, both in Iowa and the rest of the country, as farm prices increase. 
Iowa farm income increases to $5,422 million under Model C, an increase 
of 165.4 percent compared to the base model (Model A). The corresponding 
increase in the rest of the country is 125.1 percent to $44,902 million. 
The increased share for Iowa, due to expanded exports, stems from the 
comparative advantage of the state in corn production. 
With the imposition of restrictions on use of nitrogen and pesti-
cides in Iowa, cost of production of crops in the state decreases to 
$2,070 million as expenditures and application costs for these materials 
are reduced under Model F. As Iowa produces less crops under lower chem-
ical inputs, the rest of the nation is forced to produce more to meet 
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Table 48. Erosion per acre under conservation practices in Iowa with 
5-ton maximum soil loss limit in Iowa and high exportsa in 
1985 (Model C).b 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour s. Crop 
Row Only Terrace 
Reduced THJ.age 
Str. Contour s. Crop 
Row Only Terrace 
(rows/acre) 
4.88 4.03 2.86 3.94 3.30 4.99 
4.96 4.03 3.14 4.24 3.26 0.00 
2.00 o.oo 2.79 2.14 4.27 4.99 
4.83 o.oo 2.65 3.35 o.oo o.oo 
o.oo o.oo o.oo 1.50 4.83 0.00 
aHigh exports are defined such that the entire land base ir the United 
States is effectively utilized. 
bFor all cultivated crops, including rotation hay. 
Table 49. Erosion per acre under conservation practices in Iowa with 
5-ton maximum soil loss limit, 100 pounds nitrogen, restricted 
pesticide use in Iowa, and high exportsa in 1985 (Model F).h 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other III, IV 
V-VIII 
Conventional Tillage 
Str. Contour s. Crop 
Row Only Terrace 
Reduced Tillage 
Str. Contour S. Crop 
Row Only Terrace 
(tons/acre) 
4.61 4.01 2.76 4.65 3.96 3.55 
4.63 4.13 o.oo 4.99 3.92 o.oo 
4.22 o.oo 2.76 3.65 4.27 3.55 
4.69 3.27 2.65 3.31 o.oo o.oo 
o.oo o.oo o.oo 1.50 4.96 o.oo 
aHigh exports are defined such that the entire land base in the United 
States is effectively utilized. 
bFor all cultivated crops, including rotation hay. 
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domestic and export demands. As a result, cost of crop production in 
the rest of the country increases slightly to $26,308 million. The loss 
to Iowa farmers, owing to their inability to take full advantage of 
greater exports and due to environmental restrictions, is reflected in 
the farm incomes. Farm income in Iowa decreases to $5,313 million under 
Model F as compared to Model C, even though exports and prices increase 
by large amounts. However, farm income in the rest of the country in-
creases by 9.9 percent at the same time. Iowa's share of national farm 
income decreases as compared to Model A. Part of the comparative advan-
tage of Iowa agriculture over the rest of the country is lost with the 
imposition of soil loss restrictions and chemical controls in Iowa under 
Model F. 
The analysis of this section has related to various environmental 
restrictions in Iowa under a very high level of exports. We now turn 
to results when exports have only a medium level increase as compared 
to 1969-72 levels. 
Income and Production Patterns Resulting from 
Environmental Restrictions in Iowa 
and Medium Export Levels 
The export levels assumed under Models C and F were very high. Feed 
grain exports totaled 8 billion bushels. This level was about ten times 
that of 1969-72 level. The highest level of exports in the history of 
the country were in 1973 with 1,300 million bushels of corn and 1,400 
million bushels of wheat {8). In Models Gland G2, feed grain exports 
were held at twice those of the 1973 level, and wheat exports were held 
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at 1,400 million bushels. No environmental controls were imposed under 
Model Gl. Production of soybeans and legume hay in Iowa were bounded 
by an upper limit. Model G2 incorporates all the environmental controls 
in Iowa (i.e., allowable soil loss is limited to 5 tons per acre per 
year, and restrictions on use of nitrogen and pesticides along with upper 
bounds on production of legume hay and soybeans prevail). Corn acreages 
were also restricted to a maximum of 15 million acres. 
Production~erns in Iowa 
The acreage under corn in Model Gl increases to 14 million acres in 
Iowa as shown in Table 50, an increase of 4 million acres compared to 
Model A. Acreage under oats decreases to 309 thousand acres. Significant 
changes do not occur in other crops. Model Gl is similar to Model A, 
except for the increased export levels and prices and lower domestic con-
sumption levels. State corn yield increases under Model Gl as compared 
to the base model (Model A). All other yield rates remain more or less 
the same. As a result of the increase in yield rates and cropped area, 
corn production in the state increases under Model Gl. At the same time, 
production of oilmeals decreases. This decrease is brought about by 
reduction in area under soybeans. Another reason for the reduction of 
oilmeal production is the reduced domestic demand for livestock products. 
With the imposition of environmental controls in Iowa (Model G2), total 
area used for all crops in the state decreases slightly as shown in 
Table 51. However, corn acreage decreases by 1 million acres as compared 
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Table 50. Acreage, production, and yield of crops in Iowa with unre-
stricted soil loss limit in Iowa and medium exportsa in 1985 
(Model Gl). 
Crop 
Corn grain 
Oats 
Sorghum grain 
b Soybeans 
Wheat 
Acreage 
(000 acres) 
14,281 
309 
477 
5,997 
336 
Production 
( 000 bu.) 
1,662,950 
21,275 
40,261 
105,858 
18,801 
aMedium exports Lire defined as twice the 1973 exports. 
bProduction of soybeans is in terms of oilmeal (cwt.). 
Yield 
(bu./acre) 
116.4 
72.1 
84.2 
Tl .1 
56.6 
Table 51. Acreage, production, and yield of crops in Iowa with 5-ton 
maximum soil loss limit, 100 pounds nitrogen, restricted 
pesticide use in Iowa, and medium exportsa in 1985 (Model G2). 
Crop 
Corn grain 
Oats 
Sorghur.: grain 
b Soybeans 
Wheat 
Acreage 
(000 acres) 
13,121 
693 
455 
6,298 
336 
Production 
( 000 bu.) 
1,506,337 
50,499 
38,393 
120,086 
18,366 
aMedium exports are defined as twice the 1973 exports. 
bProduction of soybeans is in terms of oilmeal (cwt.). 
Yield 
(bu./acre) 
114.7 
72.7 
84.2 
40.4 
54.5 
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to Model Gl. This decrease is partly offset by an increase in area under 
oats and soybeans. Owing to nitrogen and pesticide restriction in Iowa, 
state corn yields decrease. 
Farming practices in Iowa 
Farming practices under Model Gl are similar to those of Model A in 
many ways. Both these models involve no environmental restrictions in 
Iowa or elsewhere in the nation. Most of the cropped area is farmed 
under straight-row practices as shown in Table 52. About 98.8 percent 
of classes I and II, 81.6 percent of classes IIIE and IVE, and almost 
all of other III and IV are under straight-row farming in Model Gl. 
About 1,507 thousand acres of class IIIE and IVE are strip cropped and 
terraced under Model Gl, and yields increase accordingly. 
With the imposition of environmental restrictions in Iowa under 
Model G2, a significant shift in farming practices occurs in Iowa. The 
restriction on soil loss shifts farming practices away from straight-row 
practices as shown in Table 53. Of the total cropped area on classes 
I and II, only 61.3 percent is farmed under straight-row practices under 
Model G2. The most significant shift is on classes IIIE and IVE land. 
Only 14.3 percent of these land classes is farmed under straight-row 
practices under Model G2. However, the corresponding percentage under 
Model Gl where no environmental restrictions are imposed is 81.6 percent. 
Compared with Model Gl, area under reduced tillage practices increases 
under Model G2 with soil loss restrictions imposed in Iowa. 
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Table 52. Acreages 11nder conservation practices in Iowa with unrestric-
ted soil loss limit and medium exportsa in 1985 (Model Gl).b 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other II I, 
V-VIII 
a Medium 
Conventional Tillage 
Str. Contour S. Crop 
Row Only Terrace 
(000 
21,898 215 237 
14,940 212 0 
5,505 0 237 
IV 1,453 3 0 
0 0 0 
Reduced Tillage 
Str. Contour S. Crop 
Row Only Terrace 
acres) 
3,409 0 1,270 
2,237 0 0 
1,172 0 l ,270 
0 0 0 
0 0 0 
exports are defined as twice the 1973 exports. 
bFor all cultivated crops, including rotation hay. 
Table 53. Acreages under conservation practices in Iowa with 5-ton max-
imum soil loss limit, 100 pounds nitrogen, restricted pest-
icide use in Iowa, and medium exportsa in 1985 (Model G2).b 
Conventional Tillage 
Str. Contour S. Crop 
Land Class Row Only Terrace 
Reduced Tillage 
Str. Contour S. Crop 
Row Only Terrace 
(000 acres) 
Iowa 8,643 2,411 3,872 4,142 3,294 4,597 
I, II 6,730 1,975 1,582 3,931 3,171 0 
IIIE, IVE 1,169 0 2,290 4 123 4,597 
Other III, IV 744 436 0 207 0 0 
V-VIII 0 0 0 0 0 0 
a Medium exports are defined as twice the 1973 exports. 
bFor all cultivated crops, including rotation hay. 
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Soil loss in Iowa 
The maximum allowable soil loss from Iowa is not restricted in 
Model Gl. Gross soil loss in Iowa is highest of all the models under 
Model Gl and approximates 384 million tons per year as shown in Table 54. 
Soil loss from classes IIIE and IVE land farmed under reduced tillage, 
straight-row practices increases under this model. The gross soil loss 
from classes I and II land also increases under Model Gl as compared to 
Model A with 1969-72 average exports. Gross soil loss from the agricul-· 
tural lands of Iowa decreases to 118 million tons per year under Model 
G2, which restricts soil loss to 5 tons per acre in the soil conservancy 
districts of Iowa. This is a decrease of about 266 million tons per year 
or 69.2 percent decrease as compared to Model Gl, where there are no 
soil loss restrictions in Iowa. Most of this decrease is the result of 
a shift towards soil conserving practices, especially on classes IIIE and 
IVE. 
Use of nitrogen fertilizer in Iowa 
Nitrogen per acre was limited to a maximum of 100 pounds in Iowa 
under Model G2. Consequently, the total amount of nitrogen used by crops 
decreases when we move from Model Gl to Model G2. (Use of nitrogen was 
not restricted under Model Gl.) Livestock wastes supply 271 thousand tons 
of nitrogen under Model G2, about the same level as under Model Gl. The 
per acre application of nitrogen decreases from 74.1 pounds under Model 
Gl to 62.8 pounds under Model G2 but would be applied on fewer acres under 
Model G2 where the nitrogen restriction requires greater legume acreage. 
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Table 54. Erosion per acre under conservation practices in Iowa with 
unrestricted soil loss limit and medium exportsa in 1985 
(Model Gl).b 
Land Class 
Iowa 
I, II 
IIIE, IVE 
Other II I, 
V-VIII 
a Medium 
Conventional Tillage 
Str. Contour S. Crop 
Row Only Terrace 
(000 
348,590 1,579 679 
121,991 1,563 0 
218,005 0 679 
IV 8,594 16 0 
0 0 0 
Reduced Tillage 
Str. Contour S. Crop 
Row Only Terrace 
tons) 
24,515 0 9,437 
6,465 0 0 
18,051 0 9,437 
0 0 0 
0 0 0 
exports are defined as twice the 1973 exports. 
bFor all cultivated crops, including rotation hay. 
Table 55. Erosion per acre under conservation practices in Iowa with 
5-ton maximum soil loss limit, 100 pounds nitrogen, restricted 
pesticide use in Iowa, and medium exportsa in 1985 (Model G2).b 
Conventional Tillage 
Str. Contour S. Crop 
Land Class Row Only Terrace 
(000 
Iowa 8,643 2,4ll 3,872 
I, II 6,730 1,975 1,582 
IIIE, IVE 1,169 0 2,290 
Other III, IV 744 436 0 
V-VIII 0 0 0 
Str. 
Row 
tons) 
4,142 
3,931 
4 
207 
0 
Reduced Tillage 
Contour S. Crop 
Only Terrace 
3,294 4,597 
3,171 0 
123 4,597 
0 0 
0 0 
aMedium exports are defined as twice the 1973 exports. 
bFor all cultivated crops, including rotation hay. 
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Farm income and cost of production 
Farm income in Iowa and the rest of the country shows slight differ-
ence between Models Gl and G2, both of which deal with a medium level of 
exports. Income to the Iowa farming sector is $1,716 million under Model 
Gl and $1,712 under Model G2. At the same time, farm income in the rest 
of the country increases slightly from $14.743 million under Model Gl to 
$14,942 million under Model G2. The farmers in the rest of the country 
gain from the environmental restrictions imposed and practiced in Iowa 
alone, even with medium exports. Cost of crop production in Iowa increases 
from $1,898 million under Model Gl to $1,919 million under Model G2. Cost 
of crop production in the rest of the country increases from $19,370 
million to $19,439 million between Models Gl and G2. 
Consumer Impacts 
The impacts of environmental controls imposed in Iowa and expanded 
exports on the agricultural sector were discussed up to this point. The 
consumer sector isa·,wjor force in any government policy measures. The 
farm level prices (shadow prices) are shown in Table 56 for major agri-
cultural commodities under several models. Increases in exports invariably 
increase farm commodity prices. Price of cotton is affected greatly by 
the export increases. (No cotton is grown in Iowa. Hence, the effects 
of environmental restrictions are not measured for cotton.) The prices 
of corn and wheat show significant increases with the imposition of en-
vironmental restrictions in Iowa and higher exports. As stated earlier, 
production of corn decreases as a result of environmental controls in 
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Table 56. Shadow prices of agricultural commodities in Iowa under dif-
ferent environmental restrictions in Iowa and different ex-
port levels in 1985. 
Commodity Unit ~ Fb Glc G2d 
($) 
Corn Bushel 2.51 2.73 1.25 1.30 
Sorghum Bushel 2.61 2.77 1.45 1.42 
Barley Bushel 2.36 2.52 1.36 1.38 
Oats Bushel 1.17 1.22 0.58 0.59 
Wheat Bushel 3.02 3.13 1.55 1.58 
Oilmeal Cwt. 9.86 8.60 3.60 3.47 
Beef Cwt. 90.59 96.13 55.85 55.56 
Pork Cwt. 59.86 61.86 38.71 39.14 
Milk Cwt. 8.62 8.82 6.44 6.46 
aSoil loss restricted to 5 tons per acre in Iowa and with high ex-
ports. 
bSoil loss restricted to 5 tons, nitrogen to 100 pounds per acre, 
with restricted use of pesticides in Iowa and with high exports. 
cSoil loss level not restricted and with medium exports. 
dSoil loss restricted to 5 tons, nitrogen to 100 pounds per acre, 
with restricted use of pesticides in Iowa and with medium exports. 
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Iowa. With demanded quantity remaining fixed between Models C and F, 
corn price is expected to increase. One exception is oilmeal prices, 
where the price level decreases as land is shifted into soybeans under 
the restricted nitrogen use in Iowa. 
As suggested in Tables 22 and 56, the large impact on farm commodity 
prices comes from increases in commodity exports. For example, between 
Models Bl and C (both have 5-ton soil loss restriction in Iowa, but 
Model Bl assumes 1969-72 average exports whereas Model C deals with high 
exports), the price of corn increases by $1.41 per bushel, wheat by $1.86 
per bushel, oilmeal by $6.20 per cwt., and cotton by $158.71 per bale. 
Similarly, large price increases take place in livestock prices as feed 
prices are increased with high exports. The case is the same with medium 
export levels. When environmental controls are imposed in Iowa but not 
in the rest of the nation (Model Cas compared to Model F), the prices 
of agricultural commodities increase somewhat, but the effect is not 
nearly as great as when exports increase. The main effect of the environ-
mental restrictions imposed in Iowa is a redistribution of farm income 
from Iowa to other sections of the nation. 
VI. SUMMARY AND IMPLICATIONS 
This study is made under a grant from the National Science Foundation's 
RANN program (Research Appplied to National Needs). An interregional 
model is developed to simulate the effects of environmental controls 
enacted and practiced in Iowa alone but not elsewhere in the nation. The 
model incorporates 102 producing areas (12 producing areas defined in the 
conservancy districts of Iowa and 90 elsewhere in the nation), 29 consum-
ing regions, and 35 water supply regions in the continental United States. 
A transportation submodel also is defined to facilitate movement of com-
modities between consuming regions. Crop and livestock production acti-
vities are defined appropriately. 
This study has been made mainly to determine the economic impacts 
of £gislation by a single state to improve land use and environmental 
conditions. Will such measures enacted in a single state such as Iowa 
cause its producers to sacrifice in income as land use and farm practices 
are restricted while farmers elsewhere gain from the reduced output? 
What is the impact on consumers? How are these conditions altered as 
export levels change? This study was conducted to answer questions such 
as these. It examines outcomes at the state and national levels as 
environmental controls are applied at different levels and combinations 
in Iowa but not elsewhere in the nation. The environmental controls con-
sidered are (1) soil loss per acre as specified in the Iowa Soil Conser-
vancy Law of 1971, (2) limits on nitrogen use at 100 pounds per acre, and 
(3) pesticides restricted to organophosphates and carbomates in Iowa. 
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The results indicate that agriculture can contribute to reduced 
soil loss with very little impact on farm level prices of agricultural 
commodities. Gross soil loss can be reduced with shifts toward more 
soil conserving practices and reduced tillage. Crops grown on highly 
erosive land classes are reduced to a minimum. 
Erosion and Erosion Control Methods 
Erosion per acre with no restriction in Iowa averages 13.3 tons. 
With the imposition of soil loss limits of 5 tons and 2.5 tons per acre 
in Iowa, average soil loss per acre declines to 3.9 tons and 2.2 tons 
per acre, respectively. Gross soil loss in Iowa is estimated at 362 mil-
lion tons annually with no restrictions on soil loss. This quantity is 
reduced to 108 million tons per year under the 5-ton soil loss restriction 
and to 60 million tons with the 2.5-ton restriction in Iowa. 
The method of controlling erosion and bringing about the reduction 
in soil loss is through a shift from conventional tillage to reduced 
tillage and, within the tillage method, a shift away from straight-row 
farming. Under the unrestricted alternative, 85.4 percent of the total 
cropped area in Iowa is farmed under straight-row practices. This prac-
tice drops to 61.6 percent for the 5-ton soil loss restriction and to 32.5 
percent under the 2.5-ton restriction in Iowa. The use of contouring in 
Iowa increases from 0.8 percent of the total cropped area under the unre-
stricted alternative to 20.4 percent with 5-ton restriction and to 27.6 
percent under 2.5-ton restriction. Acreage under strip cropping and 
--------------------~~-
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terracing also increases when we move from the unrestricted alternative 
to 5-ton restriction and 2.5-ton restriction in Iowa. 
Use of Nitrogen in Iowa 
Total use of nitrogen in Iowa is 712 thousand tons under the unrestricted 
alternative (Model A). With the imposition of 2.5-ton soil loss restriction 
(Model B2), the use of nitrogen increases to 777 thousand tons. As ero-
sion is controlled, the level of fertilizer application increases as 
farmers shift to reduced tillage methods. With the imposed limits on ni-
trogen use in Iowa (Model D), use of nitrogen in Iowa declines to 637 
thousand tons annually. The average per acre application of nitrogen in 
Iowa declines from 60.4 pounds under the unrestricted alternative to 51.5 
pounds under Model D, where use of nitrogen is limited to 100 pounds per 
acre in Iowa. There is a further reduction in nitrogen application with 
the imposition of restrictions on pesticide use in Iowa. Average Iowa 
yields decline with the imposition of environmental restrictions in the 
state. Most of the crops are grown in rotation with legumes to supplement 
the availability of nitrogen. 
Cost of Production and Farm Income 
Imposition of environmental restrictions in Iowa makes farming less 
profitable in Iowa and more profitable in other states. Cost of produc-
tion of crops in Iowa increases from $1,367 million under the unrestricted 
alternative to $1,812 million with the imposition of the 2.5-ton soil loss 
restriction over the entire state for 1985. This increase in cost of 
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production is brought about by increased labor and machinery costs required 
to achieve the reduction in soil loss through shifts in farming practices. 
At the same time, cost of crop production in the rest of the country de-
creases from $18,005 million to $17,892 million. The shifts toward soil-
conserving practices in Iowa result in increased yields in the state. 
But the increase in Iowa yields are not large enough to offset the cost 
increases. As a result, farm income in Iowa declines. Iowa farm income 
decreases from $2,043 million under the unrestricted alternative to $1,927 
million under 2.5-ton alternative (Model B2). Farm income in the rest of 
the country increases slightly between these two models. The reduction 
in Iowa farm income is even more drastic with the imposition of restric-
tions on the use of nitrogen and pesticides in Iowa. 
Effects of Expanded Exports and Environmental 
Restrictions in Iowa 
Increased exports necessarily require more land for agricultural 
production or a more intensive use of the lands already farmed. When the 
exports are increased to the highest possible level, about 95.6 percent 
of the total available land in the country is utilized for crop production. 
Th~ additional acreage brought into production under high export levels 
comes from the less productive land classes. (Land on other land classes 
is already exhausted.) As a result, some of the average yield rates in 
Iowa and the rest of the nation decline. 
Expanded exports are accompanied with rather wide shifts in conser-
vation practices in Iowa. Farming practices shift more towards contouring, 
strip cropping, and terracing under high export levels as compared to 
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models with 1969-72 average exports. (Average yield rates are higher 
under these farming practices.) 
Use of nitrogen increases greatly under expanded exports. Quantity 
of nitrogen used in Iowa increases from 712 thousand tons under Model A 
with 1969-72 average exports to 1,449 thousand tons under Model C with 
high exports. However, level of nitrogen use decreases to 1,083 thousand 
tons in Iowa with the imposition of nitrogen restrictions in the state 
(Model F). This level is significantly higher than that with 1969-72 
levels. Greater application of nitrogen is necessary to increase the pro-
duction in Iowa and the rest of the nation to meet the higher export level. 
The expenditure on crops in Iowa increases to $2,324 million with 
high exports. Farm income in Iowa also increases to $5,422 million under 
Model C with high export levels as compared to $2,043 million under the 
base model with normal exports. However, with the imposition of restric-
tions on use of nitrogen and pesticides in Iowa, farm income in the state 
decreases to $5,313 million. At the same time, farm income in the rest 
of the country increasesfrom $44,902 under Model C to $49,344 million 
under Model F with restricted use of nitrogen and pesticides in Iowa. In 
other words, Iowa loses part of its comparative advantage in crop produc-
tion. 
The large impacts on farm commodity prices come from increases in 
commodity exports. When environmental restrictions are imposed in Iowa 
but not in the rest of the country, prices of agricultural commodities 
increase somewhat, but the effect is not nearly as great as when exports 
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increase. The main effect of the environmental controls imposed in Iowa 
is a redistribution of farm income from Iowa to other sections in the 
nation. 
Iowa Policy Implications 
Iowans have been far-sighted in enacting legislation directed towards 
improved land use and reduced soil erosion. Apart from the federal 
government, the state is one of the few which have taken this step. It 
is not expected, of course, that Iowa farmers and land will be severely 
subjected to soil conservancy rules already on the books. However, we 
have made this study to determine the aggregate outcome if a single state 
such as Iowa were to fully impose a set of land use laws. As a further 
test of outcomes, we also have imposed limits on use of nitrogen ferti-
lizer and pesticides in Iowa but not in the rest of the nation. 
Under normal exports, the full enactment of these soil loss and 
chemical use restrictions reduces farm income in Iowa and increases it 
elsewhere in the nation. Under high exports, net farm income in both 
Iowa and the rest of the country increases. However, Iowa loses part of 
its comparative advantage in crop production. Therefore, its percentage 
increase in income from much larger exports would be lower than for the 
rest of the nation. 
It is possible that farmers in some states will refuse, through 
legislation (causing the full burden of environmental improvement to fall 
on them while others are not similarly requested to sacrifice), to par-
ticipate greatly in state programs. Single state programs tend to place 
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the cost of environmental controls on the farmers of the state where they 
are applied but bring benefits in income to resource owners elsewhere 
in the country. This is not a major problem when only a few farmers and 
a small land area are affected, as has been true thus far in Iowa. But 
it could become serious if individual states impose restrictions on land 
use and environmental controls fully and effectively over all farmers. 
Federal legislation which can be applied uniformly to all farmers in all 
states may be required if this large issue arises in the future. 
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Assigned Land Resource Areas (LRA's) by Regions and States 
Northeast Region 
OhiO 
Kentucky 
New York 
Maine 
New Hampshire 
Connecticut 
Pennsylvania 
West Virginia 
New Jersey 
Virginia 
South Region 
okLil'lOiiWi 
'l'exaa 
Arkaru>as 
Louisiana 
Tennessee 
Mississippi 
Alabama 
North Carolina 
South Carolina 
Georgia 
Florida 
Midwest Region 
North DakOta 
South Dakota 
Nebraska 
Kansas 
Minnesota 
Iowa 
Missouri 
Wisconsin 
Illinois 
~ichigan 
Indiana 
we:::t RP.fion 
wufiiri9 on 
Oregon 
California 
Idaho 
Jilor.tana 
Wyoming 
Nevada 
Utah 
Col.CJrado 
Arizona 
Ne.,; 'fe:.<ico 
114, 100, 139, 124 
m, 121, 12s 
140, 101, 142, 141 
143, 146 
144 
145 
127, 147 
126 
149 
!!!· 148 
78, 80, 84 
11, 81, a2, 83, as, 86, 87, 1so 
117 t 118, 132, 131, 119 
133, 151 
m, 123 
134 
135, 129, 133 
13o, 136, rn, 1s3 
137,ffi 
128, I'3b 
~. ~. 154, 155~ 156 
53, 54, 55, 56 
60, ~1, 62, 63, 66, 102 
64, 65, 71. 75, 106 
72, 73, 75, 7b, 112, 74, 79 
57. 88, 1'0'3, 89 
107, 104 
109, 115, 116 
90, 91, 9 7 , 95, 105, 92 
108, llO, 113, 114 
92, 94, 96, 97,~. 99 
lll 
1,3,9,7,6 
2, e, 10, 23 
4, s, 21, 22, 17, 18, 14, 16, 15, 20, 19, 31, 30 
11, 12, 13, 25, 43 
44, 46, 52, 58, 59 
34, 32, 33 
:?·l, 27 t 26 , 29 
2d, 47 
48, 49, 45, 51, 67, 5~ 
39, 40, 41, 35, 38 
J7, 36, 42. 70 
No LKA 's .u;:: igned to Maryland, MaSsachusetts, Rhode Island, and Ver110nt. 
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Instructions - Data Pora 1 
This for. is to be used for all LRA's in the Midwest, South, and 
Northeast Regions, and for those LRA's in the Western Region that 
are east of the continental divide and have K and T factors assigned 
to the sloping soils. 
1. Select the capability subclasses that occur in each LRA. 
The aost direct method is reference to the CNI printouts, 
Table F, that were sent to the states in July 1970. 
Write N.A. under dominant soil for all subclasses that do 
not occur in LRA. Do not subdivide any subclasses. 
Choose dominant soils on the basis of the full extent of the 
LRA, not just that portion that occurs in the state responsible. 
Some LRA's are assigned to two or three states. These LRA's 
are underlined in the list of assignments. For these LRA's 
choose the dominant soils only on the basis of that portion of 
the LRA in the assigned state. 
2. Designate a dominant soil mapping unit for each subclass selected. 
This should be done from general knowledge by personnel well 
acquainted with the soils of the state. Published soil surveys 
or ~ printouts by soil series may be helpful in selecting a 
dominant soil if uncertainty exists. Do not choose a series 
on the basis that it represents the median of erodibility or 
productivity of the ~oils in the subclass, unless that series is 
iD fact the dominant sei·ies or among the dominant ones. 
Where the do~inant soil mapping unit is a complex or association 
of soil series,.list only the dominant series and its dominant phase. 
3. Enter the dominant length of slope, in feet, and the dominant slope 
gradient in percent for each dominant soil in columns 3 and 4. 
Do not use ranges in either value. These entries should be estimated 
by personnel ":ell acquainted with the soils of the area. If percent 
slope is zero enter N.A. ~n column 3. For slopes more than 1200 feet 
long, ent~r >1200 in coluan 3. 
4. Enter the K and T factors for each domint ... t soil. Make single 
entries for T values in column 5 specifically for each dominant soil. 
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Instructions - Data Form lW 
Tbis form is for use in LRA's in the Western Region west of the 
continental divide where K and T factors have not been developed. 
1. Select the capability subclasses that occur in each LRA. 
The most direct method is reference to the CNI printouts, 
Table F, that were sent to the states in July 1970. 
Write N.A. under dominant soil for all subclasses that do 
not occur in LRA. Do not subdivide any subclasses. 
Choose dominant soils on the basis of the full extent of the 
LRA, not just that portion that occurs in the state responsible. 
Some LRA's are assigned to two or three states. These LRA's 
are underlined in the list of assignments. For these LRA's 
choose the dominant soils only on the basis of that portion of 
the LRA in the assigned state. 
2. Designate a dominant soil mapping unit for each subclass selected, 
Tbis should be done from general knowledge by personnel well 
acquainted with the soils of the state. Published soil surveys 
or CNI printouts by soil series may be helpful in selecting a 
dominant soil if uncertainty exists. Do not choose a series 
on the basis that it represents the median of erodibility or 
productivity of the soils in the subclass, unless that series is 
in fact the dominant series or among the dominant ones. 
Where the dominant soil mapping unit is a complex or association 
of soil series, list only the dominant series and its dominant phase. 
3. 6nter the dominant length of slope, in feet, and the dominant slope 
gradient in percent for each dominant soil in columns 3 and 4. 
Do not use ranges in either value. These entries should be estimated 
by personnel well acquainted with the soils of the area. If percent 
3\ope is zero enter N.A. in column 3. For slopes more than 1200 feet 
long, enter> 1200 in column 3, 
4, For each dominant soil, assign a T value represent~nv the 
allowable soil loss due to erosion in tons per acre per year. 
Consider the thickness of the surface horizon and the relative 
loss of productivity that would result from erosion o! surface 
horizons. Five tons should be the maximum value. 
S. Select the dominant cropping systems and land uses for the 
LRA and enter in the 6 blank column headings. Where rangeland 
is a dominant use of land in the LRA, entries might include 
(a) rangeland, poor cover and (b) rangeiand, good cover. 
Bxaaple A. 
Example B. 
Bxaaple c. 
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Instructions - Data lOra lW (CoDt'd) 
6. Batimate the average annual soil loss in t/ac/yr that is 
occurring throughout one full cycle of the cropping systems, 
or annually for land uses. These estimates are to be developed 
for each of the dominant soils, except where it is known that the 
cropping system or land use does not occur or exist for a given 
soil. In this case, enter N.A. in the appropriate block. Choose 
cropping systems that will result in a wide range in soil erosion 
losses: for example: 
Cropping System 
Wheat-4 yrs,,fallow 
Wheat-1 y~ fallow 
Wheat-peas 
Wheat-continuous 
Rangeland, poor cover 
Ranceland, good cover 
Irrigated Row Crop 
Irrigated cloae-grown crops 
Wheat-1 yr fallow 
Rangeland, poor 
Rangeland, good 
Porest 
Deaert shrubs 
Rangeland, poor 
Estimated Soil 
t/ac/yr 
70 
20 
7 
4 
8 
2 
Estimated Soil 
Soil X SoU B 
2 N.A. 
0.5 N.A. 
8 N.A. 
6 15 
2 3 
X.A. 0.1 
Batiaated Soil 
4 
4 
Losses 
Losses 
son c 
N.A. 
N.A. 
12 
12 
3 
N.A. 
Losses 
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Instructions - FOra 2 
One copy of this form is to be developed for each LRA east of the 
Continental Divide. 
1. Include in column 1 those cropping management systems used 
most commonly on land in capability classes I-IV in the LRA. 
Do not abbreviate the name of the crop; indicate corn, soybeans, 
etc., instead of rowcrop. At least 5 and no more than 10 
systems should be listed. Be sure to include a range in 
cropping systems from the most intensive to the least intensive 
system commonly used in the LRA tor land in classes I-IV. 
2. FOr each system listed, enter a C factor in eech column on 
the form. 
3. For columns 2 through 5, to determine the C factor, choose 
the pounds of residue which is usually left on the surface 
in the LRA for the cropping management system used. 
Note-C factors for kinds of permanent vegetative cover are not 
needed in data being assembled. 
--------------~~ ~ ---
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LRA 
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U.S. DE~ARTMENT OF AGRICULTURF 
Soil Conservation Service 
Attachment to E\T-2 
Form 3, - Change in Yield and Farming Time for Conservation 
Practices and Tillage Methods 
1. Operation 
(A) Practice 
1. Straight-row 
2. Contour Farming 
3. Strip Cropping 
4. Conventional Terraces 
5. Piarallel Terrace& 
(B) Tillage 
1. Conventional 
2. c:rop Residue Use 
3. JliDiiNII tillage 
: 
2. Change in 
Farming Time 
100 
100 
t 
:.. 
:.. 
: 
: 
,_ 
3. Change in 
Crop Yield 
100 
100 
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Instructions - Fora 3 
Fol'tft 3 ia to be ccmpleted for all LRA 's • In those c:ases where a 
given practice cannot be applied in the LRA due to topography or 
other restraints , for example, parallel terraces on irregular, 
hUiaOC!ky relief, enter N .A. in all columns for that practice. 
For sane LRA 's, especially in the western states, all entries 
uy be If .A. Fort~~ 3 should be c011pleted in all cases, however. 
1. Base levels of 100 for A. Practices and B. 'tillage are 
assigned for straight-row practice and conventional 
tillage, as indicated in the table. Conventional tUlage 
includes both spring and fall plow:l.ng. 
2. Increases in time or yield fraa practices or tillage are 
to be indicated by assigning nuabers larger than 100, 
proportional to the percent increase. Reductions are 
indicated by assigning nUiibers less than 100. 
ExDple: If ainimUII tillage takes 20 percent less time than 
conventional tillage, the value in colUIIlft 2 for ainiraUII tillage 
would be 80. If it is estimated that yields, using 11irWiua 
tillage, are 5 percent higher than those with conventional 
till.age, enter 105 in col\1111 3. 
lfotea The econc~~iat aay be able to aasut in the c:o-pletion of 
this fom. 
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U.S. DEPARTMENT OF AGRICULTURE 
S~il Conservation Service 
Attachme~t to EVT-2 
State ----------
Class Dam. 
Subclass Soil 
l: 
FOI'III 4. Yield Differential by Capability 
Subclasses 
oose-
Row CroQS Grown 
Crop Hay 
~00 ~00 ~00 
I 
Pasture Range 
j 
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Instructions - Fona 4 
'fh1a fOl'll is to be cc.pleted for all LRA 'a • 
1. Include all capabUity subclasses and dalinant soila identified 
for the LRA on Table 1. 
2. Write in the names of two or three dominant row crops from 
a1110ng those indicated in the cropping management systems in 
Fora 2, in the blank column headings under "Row Crops." 
3. Set the yield on class I land ec:tual to an index value of 100 
for each row crop and for close-grown crops , hay, pasture, 
and range. In those LR.A 's with no class I land, set subclass IIe 
(or the highest ranking subclass) yields at tile index value 
of 100. Where crop is not grown, enter N .A. 
4. Use the "Predicted Acre Yield under Defined Manag•ent 
Levels" from the published soil surveys in the LRA, or similar 
data from other sources where published soU surveys are not 
avaUable, to set index values for remaining classes and sub-
clusea. (For consistency use high level unagement.) 
Exalllple: If the predicted yield of corn on class I is 110 bushels 
per acre and the predicted yield on clus IIe is 95 bushels, the 
iDdex value for IIe would be calculated as follows: 
Index = 95 x 100 = 86 
mr 
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Instructions - Fora 5 
'l'his fona is to be c011pleted for all LRA' s. 
1. sr class, subclass and dominant soil shown in Fbrm 1, complete 
colUIIIls 1 and 2 of Form 5. 
2. Using slope and terrace spacing,compute average acres served 
per mile of terrace. 
3. Estimate the percent of land area that is feasible to terrace, 
assuming that none has been terraced. Excluded will be those 
acres that, due to topography: or other physical reasons, are not 
feasible to terrace. 
4. Show average cost per mile of terraces using predominant type 
of terrace being constructed. 
5. Estimate average acres of waterway needed to provide outlets 
per mile of terrace. 
6. Esti•ate average cost per acre of waterways. 
7. Estimate feet of tile outlets required per mile of terrace, where 
tile outlet terrac~s are being built. 
8. 
9. 
10. 
11. 
4 
Estimate average coat pe: foot of tile outlets installed. 
Estimate percent of te:&"races with waterway outlets.4 
Estimate percent of ter .. '\ees with tile outlets. 4 
Estimate percent o! terra..:es with no outlets. 'l'his is generally 
applicable to level tel"l'aces where no outlets required. 4 
For columns 10, 11, and 12 use percentage based on aodern systems 
presently being installed. 
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Limitations in the Data Assembled by the SCS 
for the ISU Water Quality Project 
1. The data assembled provide nt• sp,·cl ftt· lni"<'l'lllnllon :th .. ul nult'l•·ul ,;, 
pesticides, dissolved oxy(o':'<'ll ''"" hl<~lotcl<"nl •>X\'1.:<'11 d.·nuutd. will•·•· 
temperature, patho~~'IIS, ;lll<i otht•t· ptlllulanls which,,.,. ltttp<'l'l;llti 
aspects of water quality. Some of theSt' arc relalctl lo st·ditttt•nl s 
from agricultural land, but no estimates are included on this 
relationship. 
2. No estimates are included of the delivery ratio-- that proportion of 
the sediment resulting from sheet and rill erosion that enters surface 
water in streams and lakes. The delivery ratio varies substantially 
in different parts of the country. 
3. The dominant soil chosen for each subclass is the m0~t extensive soil. 
Several other soils will occur in the same subclass in a given LRA. 
The length of slope, degree of slope, erodibility, yield differentials, 
and feasibility of terracing will vary among so.ils in a given subclass. 
The dominant soil was not chosen to be typical in erodibility or other 
qualities for the subclass, but merely on the basis that it is the most 
extensive. Therefore, for subdivisions of the LRA where the soil 
indicated as dominant does not occur, the data in the forms may not 
be app1·opriate. 
4. Some of the subclasses in Forms 1 and lW represent only irrigated land. 
On forms from the Western Region, an (I) designates such subclasses. 
The Universal Soil Loss Equation is adapted to irrigated land only 
during portions of the year when no irrigating is done. K and C factors 
have not been developed for irrigated land, and the relationship between 
irrigatea land and dryland J.n t:erms of t:hese factors h1 not known. 
Water added by irrigation will influence the EI of subsequent rainfall. 
For irrigated subclasses, the K, T, and C factors provided on the forms 
apply to the dryland equivalents of the dominant soil mapping units. 
5. In the states west of the Gontinental Divide, K and 1 values Lave not 
been assigned to soil series. It was necessary fnr the states to estimate 
the erosion losses for each subclass under selected cropping systems or 
range conditions. These are gross estimates based on l.i.ttlt! or no measured 
data for many subclasse_. and may be substantially in error. The s:>il 
leases estimated for irr~gated land in the West may represent erosion 
resulting from irrigation practices in additJ.on to that resulting from 
the runoff from precipitation. 
6. The soi; loss equation predicts only s!leet and ril.l erosion. Erosion 
from road cuts, gullies, streambanks, construction sites specifically for 
this study, and other sources cannot be predicted from the data assembled 
by Seti. In some watersheds ffiuch of the sediment in streams co~es from quch 
sources. 
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7. Only a limited number of cropping systems--the major ones currently 
hcing used--~re listed on Form 2 for each LRA. C factors are not 
lhe same for a given cropping system in all parts of the country. 
Thus when models predict shifting of cropping systems into an LRA, 
where they are not currently used, the data assembled may not provide 
the proper C factors for the new cropping system. 
8. Assumptions made regarding the crop residue on the surface in minimum 
tillage or no till practices may not be uniform between states. We 
have not checked with the states to determine the assumptions made. 
We believe that it is safe to assume that the C factors listed under 
these practices apply to the prevailing method used in each LRA. 
9. The use of diversions to control runoff and erosion is not accounted 
for in the data as&~~h~e~. In some LRA's where diversions are used 
effectively to control runoff and reduce erosion on some land, no 
entry is made on Forms 3 and 5 for terraces. Only a few states in 
the NOrtheast are in this category. 
10. There is some variation in the use of the yield index of 100. Yield 
index may be lower for Class I land than for some of the Class II land 
for some crops. Some states used 100 consistently for Class I land. 
More productive subclasses were given an index of more than 100. Other 
states gave the most productive subclass a rating of 100, and gave 
Class I land a lower rating. 
11. A yield index of 100 for a given crop designates a wid~ variation in 
actual yield of that crop, depending on the LRA. For exa1ple, an 
index of 100 for corn may be 135 bushels ~r acre in an LRA in Oh~o 
but only 70 busnels per acre in an LRA in Kansas. The yield per acre 
in common units for a yield index of 100 is given on Form 4 for each 
crop in each LRA. 
12. Some states have almost an equal number of terraces of different types 
currently being installeu. Only the domina-t one ot these was chosen 
for Table 5. Thus .h~ overall cost of terracing in som~ ~RA's may be 
more or less than indicated by data in ~a~le 5. 
13. No estimates are included for the costs of relocating a crop into an 
area where it is not now produced, or for bringing into cropl3nd areas 
not so used now. These costs vary by kinds of soil. They are substantial 
for some crops on som~ kinds of soil and should not be disregarded. 
14. NA has b0en used on the forms in many places. Tt ~ans either not 
applicable, or that the practice is not now ~1u~ used in the LRA. 
• ADDITIONAL COPIES of this publication are 
available from the Center for Agricultural and 
Rural Development, 578 East Hall , Iowa State 
University, Ames, lA 50010. Price is $2 each. A list-
ing of all Center publications is available free up-
on request. 
